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Description

[Technical Field]

[0001] The present invention relates to a machine tool
including a change device configured to, in performing
thermal displacement correction control for correcting a
thermal displacement amount in accordance with a var-
iation of ambient environmental temperature in relation
to the machine tool, allow a field worker to easily adjust
a correction amount in the thermal displacement correc-
tion.

[Background Art]

[0002] A thermal expansion of each of members con-
stituting a machine tool due to heat generated during an
operation of the machine tool and heat from the surround-
ings of the machine tool is a significant cause that brings
the relationship in position between a blade edge of a
tool and a machining workpiece to a misaligned state.
As a result, the machining accuracy may be deteriorated.
Such a misalignment due to heat in the relationship in
position between the blade edge of the tool and the ma-
chining workpiece will be referred to as a thermal dis-
placement hereinafter. In general, an NC device for con-
trolling the machine tool includes a function of correcting
the thermal displacement. In this thermal displacement
correction function, temperature sensors are attached to
major members constituting the machine tool, and a ther-
mal displacement correction amount is generally ob-
tained in a way that each temperature value measured
by each of the temperature sensors is multiplied by a
coefficient and summed. There are, however, a large
number of and various heat sources each likely to be a
cause of the thermal displacement, and further, for each
of all members subjected to the influence of heat, the
degree and a direction a thermal expansion of the each
member are needed to be taken into consideration. Fur-
ther, it is very difficult to accurately analyze all causes
and make thermal corrections with high accuracy. In par-
ticular, a temperature variation due to external causes
existing outside the machine tool is unanalyzable in prin-
ciple, and thus, the thermal displacement is very difficult
to correct with accuracy.
[0003] In a thermal displacement correction control de-
vice disclosed in patent document 1, the position of a
reference ball disposed at the outside of a machining
area is measured at a predetermined time interval to ob-
tain a displacement amount of the ball and record the
displacement amount together with temperatures of a
plurality of portions of a machining tool. With respect to
the value of a coefficient for use in a calculation formula
for estimating a thermal displacement amount using the
temperatures of the plurality of portions, an equation for
obtaining the coefficient is created by substituting a plu-
rality of the recorded displacement amounts and a plu-
rality of the recorded temperatures into the estimation

calculation formula. Solving the equation allows an opti-
mum value for the coefficient to be obtained. Further,
displacement amounts resulting from measuring the ref-
erence position, displacement amounts of the reference
position resulting from correcting the displacement
amounts using a currently effective thermal displacement
correction coefficient, and displacement amounts of the
reference position resulting from applying a thermal dis-
placement correction coefficient having been obtained
through the above calculation are each displayed in the
form of a graph to allow a worker to select whether to
accept the thermal displacement correction coefficient,
which has been obtained through the above calculation.
[0004] In a device disclosed in patent document 2, ma-
chining sizes during a period of time that is immediately
after the start of a machining operation and that is when
the thermal status has been stable are recorded together
with clock times, and afterward, when a machining op-
eration is performed on the same workpiece, a thermal
correction is made on the basis of a recorded period of
time from the start of the machining operation and a re-
corded machining size at that time point. This configura-
tion enables obtaining satisfactory machining sizes even
in a thermally unstable state immediately after the start
of the machining operation.
[0005] Further, in a device disclosed in patent docu-
ment 3, a spindle speed and a spindle load are detected,
and through the use of a calculation formula based on a
previously estimated thermal displacement, an actual
thermal displacement amount is estimated to correct the
thermal displacement.
[0006] Patent Document 4 discloses an intelligent
compensation system for geometrical and heating posi-
tion errors of numerical control machine, which compris-
es a numerical control machine, a temperature real-time
monitoring unit, an I/O data interaction unit and a center
control unit, wherein the center control unit comprises a
real-time compensation module, a temperature signal
processing module, an online automatic modeling mod-
ule, a dynamic regulation module, a machine perform-
ance analysis module and a remote monitor module. The
system is capable of monitoring the temperature of ex-
ternal environment and the change of processing condi-
tion in real-time, and thereby updating the compensation
model in real-time to further accomplish bidirectional
compensation for the geometrical and heating position
errors of the motion shaft of numerical control machine.
The intelligent compensation system disclosed by the
invention improves the location precision and repeating
location precision in machine processing.
[0007] Patent Document 5 intends to suppress thermal
displacement totally by allowing a sensor to sense the
differential temperature which two capacity bodies of a
column having different heat capacities receive by an
environmental temperature change, applying the differ-
ential temperature to the formula for calculating the col-
umn thermal displacement amount, multiplying with a
certain factor to yield a thermal displacement correction
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value, and therewith driving an NC device correctively.

[RELATED ART DOCUMENTS]

[PATENT DOCUMENTS]

[0008]

[Patent Document 1] JP 5490304 B
[Patent Document 2] JP S60-228055 A
[Patent Document 3] JP 2006-116663 A
[Patent Document 4] CN 102 629 121 B
[Patent Document 5] JP H04 19042 A

[Disclosure of the Invention]

[Problems to be Solved by the Invention]

[0009] In the device disclosed in patent document 1,
however, the position to measure the thermal displace-
ment amount is fixed, and further, the position is set at a
position far from a machining position. Thus, it cannot be
said that a thermal displacement amount at a position
where a machining operation is actually performed is cor-
rectly measured. Further, no consideration is given to a
situation in which, even when a blade edge has been
positioned onto the same position, a thermal displace-
ment amount at the position of the blade edge varies in
accordance with attitudinal change of the machine tool.
Moreover, in order to increase the correction accuracy,
although a function of prompting the change of a correc-
tion coefficient is provided, the function causes a worker
to remain passive, and does not allow the worker to
change the correction coefficient actively at his or her will.
[0010] In the device disclosed in patent document 2,
for a thermal displacement during a time when the tem-
poral variation of a thermal expansion is significantly
large immediately after a working operation has been
started, machining size displacement amounts having
been actually measured in advance are used as thermal
displacement correction values as they are. This config-
uration is limited to machining operations on the same
workpiece and has a room for improvement in versatility.
[0011] Meanwhile, in the device disclosed in patent
document 3, a present spindle speed and a spindle load
are detected, and an actual thermal displacement
amount is estimated through the use of a calculation for-
mula based on a previously estimated thermal displace-
ment. Thus, it can be said that the state of the spindle,
which is the largest heat source, is accurately reflected.
In this configuration, however, the heat source is not only
the spindle, and a thermal displacement amount that in-
creases/decreases along with, for example, the variation
of environmental temperature also arises. This kind of
thermal displacement amount is not taken into consider-
ation.
[0012] Moreover, environmental temperature system
thermal displacement amounts in relation to a machine

tool depend on an environment where the machine tool
is installed, and thus, just standard parameters being set
at the shipment from a manufacture have been not
enough to facilitate obtaining accurate environmental
temperature system thermal displacement amounts. For
example, even for the same machine tool, environmental
temperature system thermal displacement amounts
largely depend on various environmental conditions,
such as a condition in which heating equipment is working
under a closed environment in the winter season, a con-
dition in which cooling equipment is working under a
closed environment during the summer season, and a
condition in which a factory is under an open environment
during the spring season or the autumn season. Further,
there has not existed any machine tool configured to es-
timate and correct environmental temperature system
thermal displacement amounts while taking into consid-
eration various conditions in relation to an environment
where the machine tool is installed. Thus, when a situa-
tion in which the environmental temperature system ther-
mal displacement correction is not accurately made oc-
curs, a coefficient for use in an estimation calculation
formula for the estimation of environmental temperature
system thermal displacement amounts needs to be
changed to deal with such a situation. However, only an
expert engineer who understands the estimation calcu-
lation formula is able to deal with such a situation.
[0013] The present invention has been invented in view
of such current situations and is intended to improve the
situations.
[0014] Hereinafter, aspects for improving the above
situations and operation effects of the aspects will be
described.
[0015] Aspect 1: a machine tool includes a workpiece
holding unit configured to hold a workpiece, and a tool
holding unit configured to hold a tool. At least one of the
workpiece holding unit and the tool holding unit are con-
figured to be drivingly rotated, and at least one of the
workpiece holding unit and the tool holding unit are con-
figured to be drivingly moved in a predetermined direction
so as to machine the workpiece with the tool. The ma-
chine tool includes a plurality of temperature sensors at-
tached to members constituting the machine tool, and an
environmental temperature system thermal displace-
ment amount estimation unit configured to calculate an
environmental temperature system thermal displace-
ment amount on the basis of temperature values each
measured by a corresponding one of the plurality of tem-
perature sensors. Further, an environmental tempera-
ture system thermal displacement correction amount is
calculated by multiplying a calculation-based thermal dis-
placement correction amount for compensating the en-
vironmental temperature system thermal displacement
amount by a correction magnification, and environmental
temperature system thermal displacement correction
control is performed on the basis of the environmental
temperature system thermal displacement correction
amount.
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[0016] The above machine tool is configured to per-
form thermal displacement correction control using a cor-
rection amount obtained by multiplying a calculation-
based thermal displacement correction value for com-
pensating an estimated environmental temperature sys-
tem thermal displacement amount by a correction mag-
nification. Accordingly, even though thermal temperature
system thermal displacement amounts vary in accord-
ance with various environments where the machine tool
is installed, this configuration facilitates changing the cor-
rection amount through the change of the correction mag-
nification and thus enables dealing with the various en-
vironments.
[0017] Aspect 2: the machine tool according to techni-
cal aspect 1 further includes a driving system thermal
displacement amount estimation unit configured to cal-
culate a driving system thermal displacement amounts
on the basis of a rotation driving state and a movement
driving state of each of the workpiece holding unit and
the tool holding unit. Further, a total thermal displacement
correction amount is obtained by adding the environmen-
tal temperature system thermal displacement correction
amount to a driving system thermal displacement correc-
tion amount for compensating the driving system thermal
displacement amount, and thermal displacement correc-
tion control is performed on the basis of the total thermal
displacement correction amount.
[0018] The above machine tool is configured to, when
correcting a thermal displacement that occurs in the ma-
chine tool, estimate two divided systems of thermal dis-
placement amounts, one being a driving system thermal
displacement due to heat sources existing inside the ma-
chine tool itself, the other one being an environmental
temperature system thermal displacement due to heat
sources existing outside the machine tool, and to correct
the thermal displacement using a total thermal displace-
ment correction amount resulting from summing the ther-
mal displacement amounts of the respective two sys-
tems. The driving system thermal displacement amount
is a thermal displacement due to the heat sources exist-
ing inside the machine tool itself. Thanks to the advanced
analysis of the relationship between an operation state
of each of the heat sources and a heat displacement
amount, in recent years, the driving system thermal dis-
placement amount can be estimated with high accuracy.
In contrast, the environmental temperature system ther-
mal displacement is difficult to be estimated with high
accuracy because ambient environments of the machine
tool are various in conjunction with the variety of places
where the machine tool is installed. For this reason, with
respect to the environmental temperature system ther-
mal displacement, which is difficult to be estimated with
high accuracy, the above machine tool is configured to
correct an environmental temperature system thermal
displacement by multiplying an estimated correction
amount by a correction magnification. Thus, even though
there occurs a situation in which the machine tool is
placed under an unexpected environment and, as a re-

sult, a thermal displacement correction by the machine
tool does not work well enough to satisfy an expected
good result, this configuration facilities improving such a
situation in a simple way.
[0019] Aspect 3: in the machine tool according to tech-
nical aspect 2, a record of an execution result of the en-
vironmental temperature system thermal displacement
correction control is recorded as a set of environmental
temperature system thermal displacement correction
record data. The set of environmental temperature sys-
tem thermal displacement correction record data in-
cludes, at minimum, the environmental temperature sys-
tem thermal displacement correction amount, the correc-
tion magnification, which has been applied to the calcu-
lation of the environmental temperature system thermal
displacement correction amount, and a clock time at
which the environmental temperature system thermal
displacement correction has been made. A temporal
transition of environmental temperature system thermal
displacement corrections is displayed in the form of a
first graph on the basis of a plurality of the sets of envi-
ronmental temperature system thermal displacement
correction record data. An increase/decrease switch con-
figured to temporarily change a recorded correction mag-
nification is provided, the correction magnification having
been recorded in the set of environmental temperature
system thermal displacement correction record data. A
temporal transition of environmental temperature system
thermal displacement corrections is displayed in the form
of a second graph superimposed on the first graph, the
environmental temperature system thermal displace-
ment corrections having been obtained by applying a
temporal correction magnification that has been changed
by the increase/decrease switch to the plurality of envi-
ronmental temperature system thermal displacement
correction record data. A correction magnification deter-
mination switch configured to set the temporal correction
magnification as the correction magnification is provided.
[0020] The above machine tool is configured to record,
in the form of data, environmental temperature system
thermal displacement corrections having been executed,
and to display the temporal transition of the environmen-
tal temperature system thermal displacement corrections
in the form of a first graph. Moreover, in order to view
how the corrections behave if a different correction mag-
nification is applied from what has been applied to the
previously executed thermal displacement corrections,
environmental temperature system thermal displace-
ment corrections based on the changed correction mag-
nification is displayed in the form of a second graph su-
perimposed on the first graph, which represents a cur-
rent-based temporal transition. The increase/decrease
switch is configured to increase/decrease the temporal
correction magnification, and this configuration enables
determination of an optimum correction magnification
through the confirmation of graphs obtained by variously
changing the correction magnification. In this way, even
a worker who does not know any processing algorithm
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for the environmental temperature system thermal dis-
placement correction can determine an optimum correc-
tion magnification.
[0021] Aspect 4: in the machine tool according to tech-
nical aspect 3, the set of environmental temperature sys-
tem thermal displacement correction record data is re-
corded at a constant time interval, and the temporal tran-
sition of the environmental temperature system thermal
displacement corrections includes a temporal transition
of a plurality of the environmental temperature system
thermal displacement correction amounts.
[0022] An experienced worker has grasped an actual
wear tendency of the tool on the basis of his or her ex-
periences. Such an experienced worker, therefore, has
roughly grasped the behavior of thermal displacements
in relation to the machine tool through measurements of
machining sizes to ensure their machining tolerances,
and operations of inputting tool wear correction amounts
to cause the machining sizes to fall within their tolerance
ranges. The above machine tool displays the temporal
transition of the environmental temperature system ther-
mal displacement correction amounts in the form of a
graph, and thus, such an experienced worker as de-
scribed above, who has roughly grasped the behavior of
thermal displacements, is able to determine, through his
or her feeling, whether or not the thermal displacement
correction is properly made. Accordingly, when the ther-
mal displacement correction is not properly made and a
graph representing environmental temperature system
thermal displacement corrections is not matched with the
feeling of the experienced worker, adjusting the temporal
correction magnification in a way that the graph becomes
closer to the feeling of the experienced worker enables
an accuracy of the thermal displacement correction to be
improved.
[0023] Aspect 5: in the machine tool according to tech-
nical aspect 3, the set of environmental temperature sys-
tem thermal displacement correction record data further
includes a correction axis, which means a monitoring tar-
get axis, an achieved machining size, and a tool wear
correction amount having been applied during a machin-
ing operation, and the temporal transition of the environ-
mental temperature system thermal displacement cor-
rections is a temporal transition of machining size calcu-
lation values in a case where any tool wear connection
is not made.
[0024] The amount of tool wear caused by execution
of a machining operation is a significantly small value as
compared with the amount of each of thermal displace-
ments in relation to the machine tool. Thus, here, a tool
wear amount input to cause a post-machining size to fall
within a tolerance range is regarded as data for compen-
sating the thermal displacement, and a machining size
which is calculated under an assumption that the tool
wear amount is equal to zero enables the influence of
the thermal displacement on a machining accuracy to be
displayed in the form of a graph. Further, an operation
of changing an environmental temperature system ther-

mal displacement correction amount having been ap-
plied to a completed machining operation by increas-
ing/decreasing the temporal correction magnification en-
ables changing a graph in relation to the calculation-
based machining size. Thus, a worker is able to set a
correction magnification that allows the graph in relation
to the calculation-based machining size to be positioned
close to a target size through the confirmation of the po-
sition of the graph. Accordingly, even when a worker has
not roughly grasped the behavior of the thermal displace-
ments in relation to the machine tool unlike an experi-
enced worker, the worker is able to optimally adjust a
correction magnification.
[0025] Aspect 6: in the machine tool according to tech-
nical aspect 5, the set of environmental temperature sys-
tem thermal displacement correction record data further
includes a target machining size. The machine tool in-
cludes an optimum correction magnification calculation
unit configured to calculate a correction magnification
that allows a machining size calculation value without
any tool wear correction to be approximately equal to the
target machining size, and to set the calculated correction
magnification as the temporal correction magnification.
[0026] In the above machine tool, the optimum correc-
tion magnification calculation unit calculates a correction
magnification that allows a calculation-based machining
size under an assumption that a tool wear amount is
equal to zero to be close to a target machining size, and
thus, even an inexperienced worker is able to easily ad-
just the environmental temperature system thermal dis-
placement correction amount.
[0027] Moreover, the use of a measurement value of
a machining size (i.e., the use of an achieved machining
size) leads to the measurement of a thermal displace-
ment amount at a position where the highest accuracy
is needed, and a correction magnification is determined
using the value of such a thermal displacement amount.
This configuration enables an accurate correction to be
made at the position where the highest accuracy is need-
ed.
[0028] Aspect 7: in the machine tool according to tech-
nical aspect 5, the set of environmental temperature sys-
tem thermal displacement correction record data in-
cludes a plurality of sets of environmental temperature
system thermal displacement correction record data, and
each of the plurality of sets of environmental temperature
system thermal displacement correction record data is
associated with a corresponding one of a plurality of ma-
chining portions of one machining workpiece. Further, a
specific correction magnification is obtained on the basis
of one of the sets of environmental temperature system
thermal displacement correction record data that is as-
sociated with a specific machining portion among the plu-
rality of machining portions. Either one of a limited setting
and an overall setting is set, the limited setting being a
setting that allows the specific correction magnification
to be effective when a machining operation is performed
on the specific machining portion, the overall setting be-
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ing a setting that allows the specific correction magnifi-
cation to be effective when machining operations are per-
formed on overall portions constituting the workpiece and
comprising the specific machining portion.
[0029] The above machine tool enables setting of mu-
tually different correction magnifications onto a plurality
of machining portions, and thus, in a case in which ma-
chining operations using the same tool are performed
while the attitude of the machine tool is being changed,
the machine tool enables dealing with the differences
among environmental temperature system thermal dis-
placement amounts due to the mutually different attitudes
of the machine tool. In another case in which, for a spindle
that needs a long stroke, when machining portions re-
quiring a high machining accuracy are distanced from
one another, environmental temperature system thermal
displacement amounts are likely to differ in accordance
with the positions of the machining portions. In this case
as well, an operation of changing correction magnifica-
tions for each of the machining portions enables an ap-
propriate environmental temperature system thermal dis-
placement correction to be made on the each of the ma-
chining portions, that is, on each of a plurality of portions.
[0030] Aspect 8: the machine tool according to techni-
cal aspect 5 further includes a measurement device con-
figured to automatically perform measurement and writ-
ing of the achieved machining size.
[0031] The above machine tool enables the achieved
machining size to be automatically measured and ena-
bles the achieved machining size in the set of environ-
mental temperature system thermal displacement cor-
rection record data to be automatically input. This con-
figuration, therefore, enables data acquisition to be made
without any input operation by a worker.
[0032] Aspect 9: in the machine tool according to tech-
nical aspect 5, a size of the workpiece measured by a
worker after a machining operation is input as the
achieved machining size.
[0033] In the above machine tool, if an achieved ma-
chining size is measured during a machining operation,
an accurate, achieved machining size may be difficult to
be obtained because the target workpiece is thermally
expanded by heat accumulated when being cut. In such
a case, the above machine tool is configured to allow a
worker to, after an elapse of a predetermined period after
the completion of the machining operation, manually
measure the achieved machining size and then manually
input a measured value of the achieved machining size
through a screen.
[0034] Aspect 10: in the machine tool according to
technical aspect 5, the set of environmental temperature
system thermal displacement correction record data is
recorded in response to a data record command execut-
ed during a machining operation.
[0035] The above machine tool is configured to allow
a data record command to be programed in a machining
program, and enables needed data to be automatically
acquired during a machining operation. Further, pro-

gramming of a machining state data record command at
a point immediately after a finishing machining operation
enables a set of data among sets of data in relation to
an environmental temperature system thermal displace-
ment correction amount that varies time to time to be
acquired at a timing point when most needed. This con-
figuration enables determination of a more accurate cor-
rection magnification.
[0036] Aspect 11: in the machine tool according to
technical aspect 4 or technical aspect claim 5, the set of
environmental temperature system thermal displace-
ment correction record data further includes a plurality
of kinds of temperature values each having been meas-
ured by a corresponding one of the plurality of tempera-
ture sensors. Further, transitions of all of sets of temper-
ature values, each of the sets being associated with a
corresponding one of the plurality of kinds of temperature
values, are each displayed in a form of a graph on the
same time axis as that of the first graph, which represents
the temporal transition of the environmental temperature
system thermal displacement corrections.
[0037] When one or more of the temperature sensors
attached to individual members constituting the machine
tool go out of order, naturally, the environmental temper-
ature system thermal displacement control does not work
normally. Further, when wind from an air conditioner or
any other similar device directly blows against a specific
region on the external face of the machine tool, a thermal
displacement behaves differently from an expected ther-
mal displacement. In such a case, taking a measure of
eliminating such a situation, that is, a measure of provid-
ing a wall in front of the specific region on the external
face of the machine tool so as not to let the wind directly
blow against the specific region is a more understandable
solution for users than changing parameters or process-
es so as to enable a thermal displacement amount adapt-
ed to such an environment to be estimated. The above
function facilitates discrimination of a failure in the tem-
perature sensors and a local, unexpected temperature
state, and thus, eliminates any ineffective effort to cause
a thermal displacement correction function implementing
a difficult processing algorithm to be normally work.

[Brief description of the Drawings]

[0038]

[FIG. 1] FIG. 1 is a perspective view of a machine
tool according to an embodiment of the present in-
vention illustrating a configuration of the machine
tool;
[FIG. 2] FIG. 2 is a diagram illustrating a hardware
configuration of an NC device included in the ma-
chine tool according to the embodiment;
[FIG. 3] FIG. 3 is a block diagram illustrating a con-
figuration that allows a thermal displacement correc-
tion amount to be estimated using two systems of
thermal displacement correction formulas;
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[FIG. 4] FIG. 4 is a block diagram illustrating a con-
figuration that allows a thermal displacement correc-
tion amount to be estimated when a correction mag-
nification is applied to one of the two systems;
[FIG. 5] FIG. 5 is a diagram illustrating a machining
drawing for use in a machining operation using the
machine tool according to the embodiment;
[FIG. 6] FIG. 6 is a diagram illustrating a machining
program for use in the embodiment; [FIG. 7] FIG. 7
is a diagram illustrating a data structure of internally
recorded machining state data in the embodiment;
[FIG. 8] FIG. 8 is a diagram illustrating a correction
magnification setting support screen according to
first embodiment;
[FIG. 9] FIG. 9 is a diagram illustrating a graph dis-
play according to first embodiment; [FIG. 10] FIG.
10 is a diagram illustrating a flowchart when graph
display processing according to first embodiment is
performed;
[FIG. 11] FIG. 11 is a diagram illustrating a flowchart
when an optimum correction magnification calcula-
tion according to first embodiment is performed;
[FIG. 12] FIG. 12 is a diagram illustrating a flowchart
when the correction magnification according to first
embodiment is manually set;
[FIG. 13] FIG. 13 is a diagram illustrating a display
screen according to second embodiment; and
[FIG. 14] FIG. 14 is a diagram illustrating a display
screen according to third embodiment.

[Mode for Carrying out the Invention]

[0039] Hereinafter, an embodiment according to the
present invention will be described by way of embodi-
ments on the basis of the drawings. Further, with respect
to a correction magnification setting support function, it
will be described in the form of separate sections, em-
bodiments 1 to 3.

Configuration of Machine

[0040] FIG. 1 illustrates a main configuration of a ma-
chine tool 1 according to the embodiment. The machine
tool 1 includes a bed 10, a workpiece headstock 20, a
workpiece spindle 30, a column 40, a tool headstock 50,
a tool spindle 60, and an NC device 70. The workpiece
headstock 20 is secured to the bed 10. The workpiece
spindle 30 is mounted on the workpiece headstock 20
so as to be freely rotatable in a C-axis direction. The
column 40 is disposed so as to be movable in Y-axis and
Z-axis directions on the bed 10. The tool headstock 50
is disposed so as to be movable in the X-axis direction
and a B-axis direction on the column 40. The tool spindle
60 is disposed on the tool headstock 50 so as to be freely
rotatable. The NC device 70 controls these constituent
members. A tool securely held by the tool spindle 60,
which is a tool holding unit, machines a workpiece se-
curely held by a chuck (not illustrated), which is a work

holding unit, secured to the workpiece spindle 30. Fur-
ther, as shown in FIG. 1, temperature sensors 81 to 90
(each denoted by a symbol "•" in FIG. 1) are attached to
individual portions of the above constituent members.
Specifically, a temperature sensor 81 is attached to
somewhere in the bed 10 adjacent to a portion of the
upper end of the bed 10, and a temperature sensor 82
is attached to somewhere in the bed 10 adjacent to a
portion of the lower end of the bed 10. The portion of the
upper end of the bed 10 and the portion of the lower end
of the bed 10 are immediately below a machining region,
and thus are largely affected by heat generated along
with cutting of the workpiece. Further, other three tem-
perature sensors 83 to 85 are attached to individual por-
tions of the bed 10. Two temperature sensors 86 and 87
are attached to upper and lower portions of the workpiece
headstock 20, and similarly, two temperature sensors 88
and 89 are attached to upper and lower portions of the
column 40. Moreover, one temperature sensor 90 is also
attached to a portion of the tool headstock 50. With these
dispositions, temperatures of portions that affect attitude
deformations of the respective members are measured.
[0041] FIG. 2 is a diagram illustrating a hardware con-
figuration of the NC device 70, which is provided in the
machining tool 1.
[0042] The NC device 70 includes a CPU 100. This
CPU 100 controls the entire machining tool.
[0043] A plurality of components are coupled to the
CPU 100 via a bus line 110, and the plurality of compo-
nents includes a machining program memory 120, a sys-
tem program memory 121, a working memory 122, a ther-
mal displacement correction setting control unit 123, a
display data memory 124, and a machining state data
memory 125. The machining program memory 120
stores in itself a program in relation to a machining op-
eration. The system program memory 121 stores in itself
a program that controls the entire machining tool (sys-
tem). The display data memory 124 stores in itself display
data to be shown in a display. The machining state data
memory 125 stores in itself pieces of machining state
data 250 (FIG. 7). These pieces of machining state data
250 are records of internal statuses and any other record
target information that are possessed by the NC device
70 during a machining operation. Here, the machining
state data 250 is an example of the environmental tem-
perature system thermal displacement correction record
data, and is data for use in a graph display of a temporal
transition of environmental temperature system thermal
displacement corrections.
[0044] Further, a display control unit 200 and an input
control unit 210 are coupled to the CPU 100 via the bus
line 110. The display control unit 200 controls the display
of a display 201. The input control unit 210 receives inputs
from a keyboard 211 disposed on an operation board,
and receives inputs from a touch panel 212 disposed on
the display 201.
[0045] Further, the display data memory 124 stores, in
itself, not only various kinds of display data for use in
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displaying on the display 201, but also screen display
image information for, in this embodiment, a machining
state data input/display section 450, a machining size
graph display section 412, and a temperature graph dis-
play section 421 in each of correction magnification set-
ting support screens 400 (FIG. 8) and 401 (FIG. 13), and
other kinds of screen display image information for, for
example, a machining program.
[0046] Moreover, an X-axis control unit 130, a Y-axis
control unit 140, a Z-axis control unit 150, a B-axis control
unit 160, a workpiece spindle control unit 180, and a tool
spindle control unit 190 are coupled to the CPU 100 via
the bus line 110. When each of the above control units
has received a corresponding one of axis movement
commands, the each of the above control units outputs
a movement command to a corresponding one of axis
driving circuits, that is, an X-axis driving circuit 131, a Y-
axis driving circuit 141, a Z-axis driving circuit 151, a B-
axis driving circuit 161, a C-axis driving circuit 171, a
workpiece spindle driving circuit 181, and a tool spindle
driving circuit 191. Further, when each of these axis driv-
ing circuits has received the movement commands, the
each of the axis driving circuits drives a corresponding
one of driving motors, that is, an X-axis driving motor
132, a Y-axis driving motor 142, a Z-axis driving motor
152, a B-axis driving motor 162, a C-axis driving motor
172, a workpiece spindle driving motor 182, and a tool
spindle driving motor 192.
[0047] Here, it should be noted that the NC device 70
is constituted by the above constituent components, but
is not limited to the above constituent components. For
example, the above kinds of memories may be integrated
into a single memory, and a region inside the single mem-
ory may be partitioned into a plurality of subregions in
each of which one of the kinds of programs and the kinds
of data is stored.
[0048] Further, as shown in FIG. 1, the temperature
sensors 81 to 90 are attached to portions of the individual
constituent members, temperature detection signals
from the temperature sensors are input to the CPU 100
via an interface 220 and the bus line 110.
[0049] Further, the thermal displacement correction
setting control unit 123 performs processing for recording
measured temperature values obtained from the temper-
ature sensors 81 to 90 via the interface 220 and internal
variables generated in the working memory 122 during
processes for NC control into the machining state data
memory 125 as the machining state data memory 250
(FIG. 7); processing for generating a screen image for
supporting the setting change of the thermal displace-
ment correction value, and for writing the generated
screen image into the display data memory 124; and any
other processing.

Calculation of Thermal Displacement Correction Amount

[0050] FIG. 3 illustrates a block diagram of a configu-
ration of thermal displacement correction control based

on thermal displacement amounts estimated by two sys-
tems of thermal displacement amount estimation units,
that is, a driving system thermal displacement amount
estimation unit 310 and an environmental temperature
system thermal displacement amount estimation unit
320.
[0051] The driving system thermal displacement
amount estimation unit 310 respectively calculates and
obtains driving system thermal displacement amounts
311, 312, and 313 in relation to the X-axis, Y-axis, and
Z-axis on the basis of status values and specified values
in relation to a driving system, or part of temperature
measurement values, by means of, for example, a meth-
od described in patent document 3. The environmental
temperature system thermal displacement amount esti-
mation unit 320 respectively calculates and obtains en-
vironmental temperature system thermal displacement
amounts 321, 322, and 323 in relation to the X-axis, the
Y-axis, and the Z-axis on the basis of a plurality of tem-
perature measurement values 1 to n. The driving system
thermal displacement amount estimation unit 310 and
the environmental temperature system thermal displace-
ment amount estimation unit 320 make their respective
estimations independently from each other.
[0052] In order to calculate correction amounts for use
in compensating displacement amounts, sign inversion
units 314, 315, and 316 and sign inversion units 324,
325, and 326 respectively invert the signs of the displace-
ment amounts 311, 312, and 313, which are associated
with the respective X-axis, Y-axis, and Z-axis and have
been calculated by the driving system thermal displace-
ment amount estimation unit 310, and the signs of the
displacement amounts 321, 322, and 323, which are as-
sociated with the respective X-axis, Y-axis, and Z-axis
and have been calculated by the environmental temper-
ature system thermal displacement amount estimation
unit 320, and calculate driving system thermal displace-
ment correction amounts 317, 318, and 319 and calcu-
lation-based thermal displacement correction amounts
327, 328, and 329.
[0053] Next, the driving system thermal displacement
correction amounts 317, 318, and 319 are respectively
added to the calculation-based thermal displacement
correction amounts 327, 328, and 329 by a thermal dis-
placement correction amount addition unit 330 to calcu-
late total thermal displacement correction amounts 331,
332, and 333 associated with the respective X-axis, Y-
axis, and Z-axis, and then, the thermal displacement cor-
rection control is performed.
[0054] As described above, a highly accurate calcula-
tion value is obtained in the calculation of the driving sys-
tem thermal displacement value, whereas, in the calcu-
lation of the environmental temperature system thermal
displacement value, there has sometimes occurred a sit-
uation in which a highly accurate calculation value is not
obtained because of the installation environment of the
machine tool and any other reason.
[0055] FIG. 4 illustrates a block diagram of a configu-
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ration of thermal displacement correction control based
on the result of calculation of thermal displacement
amounts by correction magnification processes 350,
360, and 370, processes added to the processing blocks
illustrated in FIG. 3. The correction magnification proc-
esses 350, 360, and 370 respectively multiply the calcu-
lation-based thermal displacement correction amounts
327, 328, and 329 by correction magnifications Bx, By,
and Bz to calculate environmental temperature system
thermal displacement correction amounts 351, 361, and
371. The correction magnifications Bx, By, and Bz are
respectively and independently set to the X-axis, the Y-
axis, and the Z-axis. After the above calculation, in a way
similar to that shown in FIG. 3, the driving system thermal
displacement correction amounts 317, 318, and 319 are
respectively added to the environmental temperature
system thermal displacement correction amounts 351,
361, and 371 by the thermal displacement correction
amount addition unit 330 to calculate total thermal dis-
placement correction amounts 341, 342, and 343 asso-
ciated with the respective X-axis, Y-axis, and Z-axis, and
then, the thermal displacement correction control is per-
formed. Further, a correction magnification setting sup-
port unit 380 is provided to determine the correction mag-
nifications Bx, By, and Bz. Correction magnification set-
ting support screens 400, 401, and 403 are specific ex-
amples of the correction magnification setting support
unit 380, and will be described later.
[0056] Herein, a formula and a coefficient for estimat-
ing the environmental temperature system thermal dis-
placement amounts are sometimes unfamiliar to or diffi-
cult to understand for a worker. Such a worker is able to,
through his or her feeling, understand that estimated ther-
mal displacement amounts are different from actual ther-
mal displacement amounts, but the worker is usually un-
able to determine what value the correction magnification
is to be changed to in order to achieve an accurate ther-
mal displacement correction. For this reason, the correc-
tion magnification setting support unit 380 displays
screens that are so understandable that the worker is
able to make a determination through his or her feeling.
This configuration enables the worker to perform a man-
ual setting, and further, allows an optimum correction
magnification to be calculated automatically.
[0057] Here, it should be noted that the environmental
temperature system thermal displacement amount and
the environmental temperature system thermal displace-
ment correction amount are expressions that are caused
to be associated with the driving system thermal dis-
placement amount and the driving system thermal dis-
placement correction amount, and means that the esti-
mation calculation formula for the environmental temper-
ature system thermal displacement amount does not in-
clude any one of elements of the driving system. The
elements of the driving system mean a specified value,
a movement speed, a spindle speed, a driving current
value, and any other similar element in relation to a move-
ment object or a rotation object.

[0058] Further, in FIGs. 3 and 4, the driving system
thermal displacement amount estimation unit 310 is rep-
resented by one box, but the workpiece spindle, the tool
spindle, the X-axis, the Y-axis, the Z-axis, the B-axis, and
the C-axis exist as driving systems. Further, because it
is difficult to obtain each of their thermal displacement
amounts using a corresponding one of calculation for-
mulas having the same structure, an estimation unit may
be provided for each of the driving systems to calculate
a corresponding one of driving system thermal displace-
ment amount. Then, the driving system thermal displace-
ment amounts may be summed to obtain the total of the
resultant driving system thermal displacement amounts.
Moreover, in a machine tool including a heat source or
a cooling device that is definitely different from the above
systems, a thermal displacement amount estimation unit
associated with the heat generation source or the cooling
device may be added.

Machining Operation

[0059] FIG. 5 illustrates a machining drawing for a ma-
chining workpiece according to this embodiment.
[0060] The machining workpiece according to this em-
bodiment includes three steps in an outer diameter por-
tion and two steps in an inner diameter portion, and a
screw thread is cut at one end of the workpiece. A toler-
ance range is specified to each of a φ65 portion of the
outer diameter portion and a φ40 portion of the inner di-
ameter portion. When a tolerance range is specified in
this way, a worker measures a post-machining size, and
appropriately inputs a tool wear correction amount to
cause a machining size to fall within the tolerance range.
[0061] FIG. 6 illustrates a machining program that al-
lows a machining operation based on the machining
drawing shown in FIG. 5 to be executed. The machining
program is stored in the machining program memory 120.
Individual steps of this machining program will be de-
scribed below. In this description, however, portions un-
necessary in the description of this embodiment will be
appropriately omitted.
[0062] "N1(BAR-OUT R)" indicates the start of a step
of an outer diameter rough machining operation.
[0063] "X82.0Z5.0" is a command for instructing a
movement to a cutting-in start point of the outer diameter
rough machining operation.
[0064] Two subsequent lines of commands each start-
ing with "G71" are commands for defining pieces of spe-
cific data needed to execute the outer diameter rough
machining operation.
[0065] "U3.0" and "R2.0" of a first line among the two
lines each starting with "G71" respectively define a cut-
ting-in depth: "0.3 mm" and a run-off distance: "2.0 mm"
per one cutting operation. Although the detail of an outer
diameter rough machining cycle is not described here,
this outer diameter rough machining cycle is a cycle dur-
ing which a cutting-in operation in the X-axis direction by
3.0 mm per one cutting-in operation and a cutting feed

15 16 



EP 3 168 001 B1

10

5

10

15

20

25

30

35

40

45

50

55

operation in the Z-axis direction are repeated a plurality
of times until a defined shape is achieved. Incidentally,
argument signs, "U" and "R", allow the outer diameter
rough machining cycle and an inner diameter rough ma-
chining cycle to be switched to each other and allow a
cutting feed direction to be switched between a -Z direc-
tion and a +Z direction (i.e., a machining direction of a
workpiece held by a first spindle and a machining direc-
tion of a workpiece held by a second spindle).
[0066] "P100" and "Q200" of a second line among the
two lines each starting with "G71" indicate a definition
portion of a product shape to be formed during the rough
machining cycle. That is, lines from "N100" up to "N200"
correspond to the definition portion. Further, "U0.3",
"W0.1", and "F0.3" respectively define a finishing allow-
ance in the X-axis direction: 0.3 mm, a finishing allowance
in the Z-axis direction: 0.1 mm, and a cutting feed rate in
a rough machining operation: 0.3 mm per one rotation.
[0067] In subsequent lines from "N100" up to "N200",
operational settings in a finishing machining operation
are defined. A finishing shape, a nose-R compensation
command, a feed rate in a finishing operation, and any
other operational setting are defined in the course of the
lines from "N100" up to "N200".
[0068] In a line immediately following "N200", that is,
"G40G00Z30.0M05", the nose-R compensation, which
has been instructed during the shape configuration, is
cancelled ("G40") to move the tool away from the work-
piece in the Z-axis direction and stop rotation of the spin-
dle so as to terminate the outer diameter rough machining
operation.
[0069] Next, "N2(BAR-OUT F)" indicates the start of a
step of an outer diameter finishing machining operation.
[0070] Similarly to the outer diameter rough machining
operation, "X82.0Z5.0" is a command for instructing a
movement to a cutting-in start point of the outer diameter
finishing machining operation.
[0071] "G70P100Q200" is a command for instructing
execution of a finishing machining operation to achieve
the machining shape having been defined in the course
of the lines from "N100" up to "N200".
[0072] A subsequent command, "M**A1B65.0", is a
machining state data record command for instructing re-
cording of internal data possessed by the NC device at
a time when this command has been executed. The re-
corded internal data includes an under-execution work-
piece number, a date and clock time, an in-use tool
number as of then, an effective tool wear correction
amount as of then, and an effective environmental tem-
perature system thermal displacement correction
amount as of then. Further, on the basis of an argument
of "A" instructed simultaneously with "M**", an axis cor-
responding to the argument is recorded as a correction
axis. That is, the X-axis is recorded as the correction axis
when "A" is "A1"; the Y-axis is recorded as the correction
axis when "A" is "A2"; and the Z-axis is recorded as the
correction axis when "A" is "A3". Moreover, "65.0 mm" is
recorded as a target size on the basis of "B65.0". The

recorded data is stored in the machining state data mem-
ory 125 as the machining state data 250 (FIG. 7), which
will be described later. Here, the correction axis specifies
an axis targeted for monitoring of the environmental tem-
perature system thermal displacement correction
amount. Thus, a tool wear correction amount to be re-
corded herein is an axis-direction element corresponding
to an axis specified as a correction axis among axis-di-
rection elements corresponding to the respective X-axis,
Y-axis, and Z-axis. Further, a target size is an axis-direc-
tion size corresponding to an axis specified as a correc-
tion axis.
[0073] With respect to a subsequent inner diameter
machining operation, its detailed description is omitted
here since the inner diameter machining operation is al-
most the same as the machining operation for the outer
diameter portion. Briefly speaking, immediately after,
with "G71P300Q400", a finishing machining operation in
the inner diameter machining operation has been per-
formed on the basis of lines from "N300" up to "N400",
with "M**A1B40.0", pieces of machining state data 250
as of then are stored in the machining state data memory
125.

Mid-machining State data

[0074] FIG. 7(a) illustrates a diagram of a data struc-
ture of pieces of machining state data 250 recorded in
this embodiment.
[0075] The pieces of machining state data 250 are
composed of workpiece numbers WNO, machining dates
DATE, machining clock times TIME, tool numbers TNO,
correction axes CAx, target machining sizes TSz,
achieved machining sizes MSz, tool wear correction
amounts A$WV, correction magnifications A$B, environ-
mental temperature system thermal displacement cor-
rection amounts A$HCX in the X-direction, environmen-
tal temperature system thermal displacement correction
amounts A$HCY in the Y-direction, and environmental
temperature system thermal displacement correction
amounts A$HCZ in the Z-direction. Every time "M**" in
the machining program shown in FIG. 6 is executed, piec-
es of data corresponding to an under-execution work-
piece number WNO, a machining date DATE, a machin-
ing clock time TIME, a tool number TNO of an in-use tool
as of then, a correction axis CAx and a target machining
size TSz, these having been specified by "M**A*B*", a
tool wear correction amount A$WV having been effective
as of then, a correction magnification A$B having been
effective as of then, and environmental temperature sys-
tem thermal displacement correction amounts A$HCX,
A$HCY, and A$HCZ having been effective as of then are
added.
[0076] Only a piece of data corresponding to the
achieved machining size MSz is not added in the above
timing point, but is written from a piece of measurement
data obtained through an automatic measurement oper-
ation performed afterward by a workpiece size measure-
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ment device, or is input through a manual operation on
a screen described later by a worker on the basis of a
post-size of the workpiece measured by a worker.
[0077] FIG. 7(b) is a diagram schematically represent-
ing a status in which a machining state data set 251 is
extracted. This machining state data set 251 is a set of
data used for displaying a machining size graph and ex-
tracted from among all pieces of machining state data
250 in a selection data input guide section 433 (FIG. 8)
included in a mid-machining data extraction section 430
of the correction magnification setting support screen
400. The selection data input guide section 433, the mid-
machining data extraction section 430, and the correction
magnification setting support screen 400 will be de-
scribed later. Specifically, in order to generate the ma-
chining state data set 251, first, pieces of machining state
data each including all of a specified workpiece number
WNO, a specified tool number TNO, and a specified cor-
rection axis CAx are extracted from among all pieces of
machining state data 250, and the extracted pieces of
machining state data are rearranged in order of their ma-
chining dates DATE and machining clock times TIME.
Next, an aggregate of data is further extracted from
among the pieces of data having been extracted through
the above operation to generate the machining state data
set 251. The aggregate of data is configured such that
its beginning is a piece of machining state data 250 in-
cluding a machining date DATE and a machining clock
time TIME, which have been specified as a machining
start date, and further, the difference between machining
clock times of every two successive pieces of machining
state data 250 included in the aggregate of data is smaller
than a predetermined time interval.

Practice Example 1

Correction Magnification Setting Support Screen

[0078] The correction magnification setting support
screen 400 is illustrated in FIG. 8 as first embodiment.
The correction magnification setting support screen 400
includes a graph display section 410, a machining state
data extraction section 430, the machining state data in-
put/display section 450, and a correction magnification
adjustment operation section 470.
[0079] The graph display section 410 includes the ma-
chining size graph display section 412 and the temper-
ature graph display section 421. The machining size
graph display section 412 is displayed in an upper portion
of the graph display section 410 and the temperature
graph display section 421 is displayed in a lower portion
of the graph display section 410.
[0080] The machining state data extraction section 430
includes a data extraction mode switch section 432, the
selection data input guide section 433, a correction axis
change/display section 435, and a tool number
change/display section 437.
[0081] The correction magnification adjustment oper-

ation section 470 includes a correction magnification in-
crease/decrease switch 472, an optimum correction
magnification calculation switch 474, a correction mag-
nification display portion 476, and a correction magnifi-
cation determination switch 478.
[0082] Next, the function of each of the constituent sec-
tions will be described.
[0083] Upon operation of the machining state data ex-
traction section 430, a machining state data set 251 tar-
geted for a graphical display on the correction magnifi-
cation setting support screen 400 is extracted from
among a large number of pieces of machining state data
255 having been accumulated for a long period.
[0084] Upon operation of the data extraction mode
switch 432, all of workpiece numbers recorded in all piec-
es of machining state data 250 are displayed in order of
numbers of the workpiece numbers in a column corre-
sponding to "workpiece No." in the selection data input
guide section 433. The contents of all of the other col-
umns become blank.
[0085] Upon selection of a specific workpiece number
from among the displayed work numbers WNO through
an operation of touching the screen or any other opera-
tion, only pieces of machining state data 250 each in-
cluding the selected workpiece number are extracted.
Further, combinations of a correction axis CAx and a tool
number TNO, these combinations existing in the extract-
ed pieces of machining state data 250, are displayed in
columns corresponding to "correction axis" and "tool No."
in the selection data input guide section 433.
[0086] Upon selection of a specific combination of a
specific correction axis CAx and a specific tool number
TNO among the displayed combinations of a correction
axis CAx and a tool number TNO through an operation
of touching the screen or any other operation, only pieces
of machining state data 250 each including all of the spec-
ified workpiece number WNO, the specified correction
axis CAx, and the specified tool number TNO are extract-
ed.
[0087] Further, the extracted pieces of machining state
data 250 are rearranged in order of their machining dates
DATA and machining times TIME. When the difference
between machining clock times of two successive pieces
of machining state data 250 among the rearranged piec-
es of machining state data 250 is smaller than a prede-
termined time interval, machining operations corre-
sponding to the respective two successive pieces of ma-
chining state data 250 are regarded to have been con-
tinuously performed. Further, when the difference be-
tween machining clock times of two successive pieces
of machining state data 250 among the rearranged piec-
es of machining state data 250 is larger than or equal to
a predetermined time interval, continuous machining op-
erations are regarded to have ended between the two
successive pieces of machining state data 250, and the
rearranged pieces of machining state data 250 are split
into a plurality of aggregates of successive machining
data.
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[0088] For each of the split aggregates of successive
machining data, a machining date DATE included in a
beginning piece of data and a machining date DATE in-
cluded in a last piece of data are respectively set as a
machining start date and a machining end date, and are
respectively listed and displayed in a column correspond-
ing to "start date" and a column corresponding to "end
date" in the selection data input guide section 433.
[0089] Upon selection of a specific start date among
the displayed machining start dates through an operation
of touching the screen or any other operation, a machin-
ing state data set 251 to be displayed in the form of a
graph is fixed.
[0090] The correction axis change/display section 435
includes the function of changing and displaying an axis
targeted for changing the setting of a correction magni-
fication.
[0091] In a state in which a machining state data set
251 has been extracted through the above-described op-
eration of the selection data input guide section 433, a
correction axis CAx included in the extracted machining
state data set 251 is displayed. In this state, upon change
of a correction axis through an operation of the change
switch, pieces of machining state data 250 including a
latest clock time among pieces of machining state data
250 each including the specific workpiece number WNO
and the specific tool number TNO, which have been set
above, and including the changed correction axis CAx
are extracted as a machining state data set 251.
[0092] Further, when a new machining state data set
251 has been extracted, pieces of machining state data
250 each including all of extraction conditions, that is,
the specified workpiece number WNO, the specified cor-
rection axis CAx, and the specified tool number TNO, are
extracted. Further, the extracted sets of machining state
data 250 are rearranged in order of their machining dates
DATE and machining clock times TIME, and machining
start dates and machining end dates are listed and dis-
played in the machining state data extraction section 430
in a state in which a mark indicating a latest machining
start date is appended.
[0093] Here, in the case where there is no piece of
machining state data 250 including the specific work-
piece number WNO and the specific tool number TNO,
which have been set above, and including the changed
correction axis CAx, an alarm indication or any other no-
tice is performed, and the mid-machining data set 251 is
not changed. In this regard, however, the changed cor-
rection axis is displayed as it is, and when the change of
a tool number, which will be described next, is made,
sets of machining state data are extracted on the basis
of the changed correction axis and a new tool number.
[0094] The tool number change/display section 437 in-
cludes the function of changing and displaying a tool
number TNO targeted for changing the setting of a cor-
rection magnification.
[0095] In a state in which a machining state data set
251 have been extracted through the above-described

operation of the selection data input guide section 433,
a tool number TNO included in the extracted machining
state data set 251 is displayed. In this state, upon change
of a tool number through an operation of the change
switch, pieces of machining state data 250 including a
latest clock time among pieces of machining state data
250 each including the specified workpiece number WNO
and the specified correction axis CAx, which have been
set above, and including the changed tool number TNO
are extracted as a machining state data set 251.
[0096] Here, in the case where there is no piece of
machining state data 250 including the specified work-
piece number WNO and the specified correction axis
CAx, which have been set above, and including the
changed tool number TNO, an alarm indication or any
other notice is performed and the machining state data
set 251 is not changed.
[0097] Upon extraction of a machining state data set
251, a graph of machining sizes is displayed on the basis
of achieved machining sizes MSz included in the extract-
ed machining state data set 251 and machining clock
times TIME included in the extracted machining state da-
ta set 251. The graph display of the machining sizes will
be described later.
[0098] Further, when the screen is switched to the cor-
rection magnification setting support screen 400, a pre-
viously extracted machining state data set 251 is retained
and the screen is displayed using this retained extracted
machining state data set 251, which has been used for
a previous display.
[0099] Pieces of data included in the extracted machin-
ing state data set 251 are displayed in the machining
state data input/display section 450. Here, only a column
corresponding to "machining size" allows movement of
a cursor and manual inputting of numerical values.
Through the use of this machining state data input/dis-
play section 450, a worker having measured the size of
a workpiece after a machining operation is able to input
the measured size of the workpiece as an achieved ma-
chining size MSz of a piece of machining state data 250.
The measurement of the machining size is not necessar-
ily made on all machining work pieces, but, in accordance
with a tendency of the variation of the machining size,
there is a case in which the measurement is made every
machining operation, or a case in which the measure-
ment is made in accordance with a predetermined fre-
quency, such as once every five machining operations,
or once every ten minutes. Accordingly, there is also a
case in which the achieved machining size MSz remains
blank. Further, in the case of an automatic measurement,
the achieved machining size MSz is already input at the
time of the completion of a machining operation.
[0100] The correction magnification increase/de-
crease switch 472 of the correction magnification adjust-
ment operation section 470 is a switch for increasing or
decreasing a correction magnification in units of 0.1.
When the screen has been switched to the correction
magnification setting support screen 400, a correction
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magnification B is displayed in the correction magnifica-
tion display section 476, and through the operation of the
correction magnification increase/decrease switch 472,
the correction magnification is changed.
[0101] Here, during a period from the change of the
correction magnification until an operation of pushing the
correction magnification determination switch 478, since
the changed correction magnification is not used in an
actual estimation calculation for obtaining a thermal dis-
placement amount, the changed correction magnification
is caused to be displayed in a blinking state in the cor-
rection magnification display section 476 to clearly indi-
cate that the displayed correction magnification is tem-
poral. A correction magnification in this state will be re-
ferred to as "a temporal correction magnification B’ "
hereinafter. This temporal correction magnification B’ is
used in a calculation for displaying a post-adjustment ma-
chining size graph 414 in a machining size graph display
section 412 described later.
[0102] Here, although it has been described above that
a unit for use in the increase/decrease of the correction
magnification by the correction magnification in-
crease/decrease switch 472, and for use in the rounding
of numerical values in the calculation of an optimum cor-
rection magnification is "0.1", the unit is not limited to
"0.1". The unit for use in the increase/decrease may be
optionally set by setting the unit using a parameter or any
other means.
[0103] Further, upon operation of the optimum correc-
tion magnification calculation switch 474 of the correction
magnification adjustment section 470, an optimum cor-
rection magnification is calculated, and a magnification
resulting from rounding in the units of 0.1 is displayed in
a blinking state in the correction magnification display
section 476. That is, a correction magnification having
been calculated upon operation of the optimum correc-
tion magnification calculation switch 474 is set as the
temporal correction magnification B’, and allows the post-
adjustment machining size graph 414 to be displayed in
the machining size graph display section 412. A manual
adjustment using the correction magnification in-
crease/decrease switch 472 can be also made before
operating the correction magnification determination
switch 478. The details of processing for calculating the
optimum correction magnification will be described later.
[0104] A graph representing a status in which a ma-
chining size varies along with an elapse of time is dis-
played in the machining size graph display section 412
on the basis of the extracted machining state data set
251. A pre-adjustment machining size graph 413 is dis-
played in a solid line on the basis of achieved machining
sizes MSz included in the machining state data set 251,
having been obtained through the above operations. A
post-adjustment machining size graph 414 is displayed
in a dotted line in a form in which its displayed position
is shifted upward/downward in a region adjacent to the
pre-adjustment machining size graph 413 in conjunction
with the adjustments of the temporal correction magnifi-

cation B’. Processes of displaying the machining size
graphs will be described later.
[0105] In the temperature display section 421, a status
in which measured temperature values of all of the tem-
perature sensors 81 to 90, disposed in the machine tool,
vary along with an elapse of time is displayed in the form
of a graph on the same time axis as that of the above
machining size graph. Here, the measured temperature
values of all of the temperature sensors 81 to 90 are
recorded so as to be associated with clock times at a
predetermined time interval.
[0106] This graph display enables one or more tem-
perature sensors indicating abnormal temperature tran-
sitions to be discovered, and this discovery of the abnor-
mal temperature transitions enables countermeasures
to be taken before the adjustment of a correction mag-
nification. For example, the estimation of the environ-
mental temperature system thermal displacement
amount does not assume that heat is applied to, or lost
from, a specific portion of members constituting the ma-
chine tool due to an external cause. Thus, when wind
from an air conditioner or a blower of an adjacent machine
directly blows against a specific portion of the machine
tool, a situation in which a thermal displacement is be-
yond the scope of a correction using a correction mag-
nification is likely to occur. The temperature graph display
section 421 is effective in facilitating the discovery of such
a situation, and thus, it can be said that the temperature
graph display section 421 is an important supporting
function in operation of the correction function using the
correction magnification. Machining Size Graph Display
Processing
[0107] Fig. 9 is a diagram illustrating processing for
displaying a machining size graph in the correction mag-
nification setting support screen 400. Here, it is omitted
in FIG. 9 that the correction axis CAx corresponds to the
X-axis, and the target machining size TSz corresponds
to φ22.0 mm.
[0108] First, data inside a table in FIG. 9 will be de-
scribed.
[0109] TIME denotes machining clock times.
[0110] MSz denotes achieved machining sizes includ-
ed in a machining state data set 251. A graph MSz shown
in a solid line in FIG. 9 is a graph representing a temporal
variation of the achieved machining sizes
[0111] A$WV denotes tool wear correction amounts
included in the machining state data set 251.
[0112] T1, T2, T3, and T4 each denote measured tem-
perature values of a corresponding one of temperature
sensors disposed in individual portions of the machine
tool. Here, description will be made by way of an example
in which four temperature sensors are disposed.
[0113] X2 denotes calculation values of machining siz-
es in the case where the tool wear correction amounts
A$WV, each having been effective on an achieved ma-
chining size MSz at the same clock time, are focused
and corrections in accordance with the tool wear correc-
tion amounts A$WV are not made (hereinafter, X2 being
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referred to as "a tool wear correction-free calculation-
based machining size"). Specifically, X2 is calculated
with a formula: X2 = MSz - A$WV.
[0114] S1 denotes environmental temperature system
thermal displacement correction amounts having been
applied during a machining operation (hereinafter, S1 be-
ing referred to as "an originally applied thermal displace-
ment correction amount"). Since the correction axis CAx
corresponds to the X-axis, S1 corresponds to data in re-
lation to the environmental temperature system thermal
displacement correction amount A$HCX in the machin-
ing state data set 251. Specifically, S1 is represented by
a formula: S1 = A$HCX.
[0115] X4 denotes calculation values of machining siz-
es in the case where, for each of the tool wear correction-
free calculation-based machining sizes X2, an originally
applied thermal displacement correction amount S1 cor-
responding to the same clock time is further focused and
a correction in accordance with the originally applied ther-
mal displacement correction amount S1 is not made.
That is, X4 corresponds to calculation values of machin-
ing sizes in the case where any tool wear correction and
any environmental temperature system thermal dis-
placement correction are not made. Hereinafter, X4 will
be referred to as "a tool wear correction-free and thermal
displacement correction-free calculation-based machin-
ing size". Specifically, X4 is calculated with a formula: X4
= X2 - S1.
[0116] An arrow S1 shown in the graph of FIG. 9 de-
notes an applied thermal displacement amount at a rel-
evant clock time. It is shown that thermal displacement
corrections using originally applied thermal displacement
correction amounts S1 are made on tool wear correction-
free and thermal displacement correction-free calcula-
tion-based machining sizes X4 to obtain tool wear cor-
rection-free calculation-based machining sizes X2. That
is, it can be said in other words that the graph represent-
ing transition of X2 indicates, in a state in which position-
ing in accordance with a target machining size TSz has
been performed, coordinate values of actually positioned
cutting edge positions in a state in which thermal dis-
placement corrections are applied. That is, misalign-
ments with a target position, that is, displacement
amounts that are not corrected even though thermal dis-
placement corrections are applied, appear as the graph
representing transition of X2. Accordingly, it can be said
that the graph representing transition of X2, which rep-
resents the tool wear correction-free calculation-based
machining sizes X2, is an example of the temporal tran-
sition of environmental temperature system thermal dis-
placement corrections.
[0117] When the value of a target machining size TSz
(i.e., 22.000) is subtracted from the value of a tool wear
correction-free and thermal displacement correction-free
calculation-based machining size X4 at a clock time
11:55 (i.e., 21.951) and the sign of a resultant value is
inverted, an optimum thermal displacement correction
amount at the clock time (i.e., 0.049) is obtained. When

this value is divided by an originally applied thermal dis-
placement correction amount S1 at the clock time 11:55
(i.e., 0.030), a value, 1.63, is obtained. This shows that,
when the correction magnification is multiplied by 1.63,
machining sizes approximately equal to a target machin-
ing size are obtained even though the tool wear correction
is not made. The temporal correction magnification B’ is
a value in units of 0.1 when manually set, and thus, here,
becomes 1.6 resulting from rounding of 1.63. This result-
ant value corresponds to the aforementioned optimum
correction magnification calculation value.
[0118] S2 denotes correction amounts resulting from
multiplying the originally applied thermal displacement
correction amounts S1 by 1.6, which is the temporal cor-
rection magnification B’. Hereinafter, S2 will be referred
to as "an adjusted temporal correction magnification-
based thermal displacement amount".
[0119] X3 is obtained through corrections of the tool
wear correction-free and thermal displacement correc-
tion-free calculation-based machining sizes X4 with the
adjusted temporal correction magnification-based ther-
mal displacement amounts S2. That is, X3 denotes cal-
culation-based machining sizes resulting from applying
an adjusted temporal correction magnification. Hereinaf-
ter, X3 will be referred to as "an adjusted temporal cor-
rection magnification-based calculation-based machin-
ing size"
[0120] The machining size graph display section 412
of the correction magnification setting support screen 400
in FIG. 8 displays the tool wear correction-free calcula-
tion-based machining sizes X2, having been described
above, and the adjusted temporal correction magnifica-
tion-based calculation-based machining sizes X3, having
been described above. The tool wear correction-free cal-
culation-based machining sizes X2 correspond to the
pre-adjustment machining size graph 413, and are
shown in the form of a graph in a solid line. Further, the
adjusted temporal correction magnification-based calcu-
lation-based machining sizes X3 corresponds to the post-
adjustment machining size graph 414, and are shown in
the form of a graph in a dotted line.
[0121] Heretofore, a process in which the temporal cor-
rection magnification B’ is automatically calculated has
been described, and a process in which the temporal
correction magnification B’ is manually set is performed
likewise. That is, at the time immediately after the extrac-
tion of a machining state data set 251 targeted for dis-
playing the machining size graph, only the pre-adjust-
ment machining size graph 413 is displayed. Here, when
the temporal correction magnification B’ is increased, the
post-adjustment machining size graph 414 is displayed
above the pre-adjustment machining size graph 413. The
more the temporal correction magnification B’ is in-
creased, the more upper position the graph is shifted to.
In contrast, when the temporal correction magnification
B’ is reduced, the post-adjustment machining size graph
414 is displayed below the pre-adjustment machining
size graph 413. The more the temporal correction mag-
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nification B’ is reduced, the more lower position the graph
is shifted to. Through this operation, the worker can allow
the post-adjustment machining size graph 414 to be shift-
ed adjacent to the target machining size TSz, and thus
can determine a correction magnification.
[0122] After having allowed the post-adjustment ma-
chining size graph 414 to be shifted upward/downward
in such a way described above, a worker is able to visually
confirm whether or not the post-adjustment machining
size graph 414 is fluctuating in a region adjacent to the
target machining size TSz. That is, the effect of a correc-
tion with a correction magnification is represented in a
visual form, and thus, the worker is able to confidently
determine an optimum correction magnification.
[0123] FIG. 10 is a flowchart illustrating a procedure of
machining size graph display processing. This flowchart
will be described below on the basis of the data shown
in FIG. 9.
[0124] Upon extraction of a machining state data set
251 to be displayed in the correction magnification setting
support screen 400, this processing is started. Arithmetic
processing portions in the following individual steps are
executed by the CPU 100 using predetermined programs
stored in the system program memory 121.
[0125] At step S10, the CPU 100 calculates tool wear
correction-free calculation-based machining sizes X2
from achieved machining sizes MSz included in the ma-
chining state data set 251 and tool wear correction
amounts A$WV included in the machining state data set
251. That is, the CPU 100 executes calculations using a
formula: X2 = MSz - A$WV.
[0126] Next, at step S20, the CPU 100 calculates tool
wear correction-free and thermal displacement correc-
tion-free calculation-based machining sizes X4 from the
tool wear correction-free calculation-based machining
sizes X2. The tool wear correction-free and thermal dis-
placement correction-free calculation-based machining
sizes X4 are machining sizes on which any environmen-
tal temperature system displacement correction using
the environmental temperature system thermal displace-
ment correction amounts A$HCX, A$HCY, and A$HCZ
are not made, and are obtained using the above-de-
scribed formula: X4 = X2 - S1. In the case of the data
shown in FIG. 9, since the correction axis CAx corre-
sponds to the X-axis, S1 is represented by a formula: S1
= A$HCX. The tool wear correction-free and thermal dis-
placement correction-free calculation-based machining
sizes X4 are used in optimum correction magnification
calculation processing described below and a graph dis-
play in a manual setting described below, and thus, are
calculated in this step in advance.
[0127] Finally, at step S30, the tool wear correction-
free calculation-based machining sizes X2 are displayed
in the form of a graph. This graph corresponds to the pre-
adjustment machining size graph 413 shown in FIG. 8.
It should be noted that the tool wear correction-free and
thermal displacement correction-free calculation-based
machining sizes X4 are not displayed in the form of a

graph at this time.
[0128] FIG. 11 is a flowchart illustrating a procedure of
optimum correction magnification calculation process-
ing.
[0129] In a state in which a machining state data set
251 to be displayed has been extracted and the pre-ad-
justment machining size graph 413 is displayed, a worker
can start this processing by operating the optimum cor-
rection magnification calculation switch 474. Arithmetic
processing portions in the following individual steps are
executed by the CPU 100 using predetermined programs
stored in the system program memory 121.
[0130] At step S100, the CPU 100 calculates a tempo-
ral correction magnification B’. That is, for a latest time
clock in the displayed pre-adjustment machining size
graph 413, the CPU 100 first calculates the difference
between a value of the target machining size TSz and a
value of a tool wear correction-free and thermal displace-
ment correction-free calculation-based machining sizes
X4, that is, a difference value represented by: (TSz - X4).
Next, the CPU 100 divides an environmental temperature
system thermal displacement correction amount A$HCX
(that is, S1) having been effective at the latest clock time
by a correction magnification A$B having been effective
at the latest clock time, that is, by a calculation-based
thermal displacement amount when the correction mag-
nification A$B is converted into a correction magnification
equal to "1", and rounds a resultant value in units of 0.1
to obtain an automatic calculation-based temporary cor-
rection magnification B’. The temporary correction mag-
nification B’ is obtained by a formula: B’ = ROUND ((TSz
- X4)/(S1/A$B), 1), which is represented using the origi-
nally applied thermal displacement correction amount
S1. Calculation processing for calculating the above op-
timum correction magnification is performed by the opti-
mum correction calculation unit. The tool wear correction-
free and thermal displacement correction-free calcula-
tion-based machining sizes X4 are machining sizes not
subjected to the tool wear correction and the thermal dis-
placement correction, and thus, should be target machin-
ing sizes even though the tool wear correction is not
made, provided that differences with the target machining
size are regarded as thermal displacement correction
amounts.
[0131] After the determination of the temporal correc-
tion magnification B’, at step S110, the CPU 100 multi-
plies a value resulting from dividing the originally applied
thermal displacement correction amount S1 by an origi-
nally applied correction magnification A$B (that is, the
CPU 100 multiplies a calculation-based thermal dis-
placement correction amount when the originally applied
correction magnification A$B has been converted into
the correction magnification equal to "1") by the temporal
correction magnification B’ to calculate environmental
temperature system thermal displacement correction
amounts S2, to which the temporal correction magnifica-
tion has been applied.
[0132] Here, it should be noted that, in the description
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of the machining size graph displaying processing in FIG.
9, in order to make it easier to understand the description,
the description has been made on the assumption that
the originally applied thermal displacement amount is an
amount when the correction magnification is equal to "1",
but since there is also a case in which, through the use
of pieces of machining state data 250 obtained through
a machining operation after a correction magnification
has been adjusted once, the correction magnification is
further adjusted, the above-described process of dividing
by the originally applied correction magnification A$B is
added.
[0133] At step S120, The CPU 100 adds the environ-
mental temperature system thermal displacement cor-
rection amounts S2, to which the temporal correction
magnification has been applied, to the tool wear correc-
tion-free and thermal displacement correction-free cal-
culation-based machining sizes X4 to calculate X3. X3
becomes calculation-based machining sizes to which the
temporal correction magnification is applied.
[0134] At step S130, this X3 is displayed in the form of
a graph by the graph display program. This graph corre-
sponds to the post-adjustment machining size graph 414.
[0135] At step S140, a worker views this graph display
to determine whether or not a machining accuracy is im-
proved. In the case where the worker has determined
that the machining accuracy has been improved (OK),
at step S150, the worker operates the correction magni-
fication determination switch 478 to determine the tem-
poral correction magnification B’ as a correction magni-
fication B. Consequently, calculations in relation to a sub-
sequent thermal displacement correction are made using
the determined correction magnification B to perform en-
vironmental temperature system thermal displacement
correction control.
[0136] In the case where, at step S140, the worker is
not satisfied with a machining accuracy of the post-ad-
justment machining size graph 414 (NG), the process
flow is caused to move to step S160, and as a result,
manual setting processing described below will be per-
formed.
[0137] FIG. 12 is a flowchart illustrating a procedure of
manual setting processing in which a correction magni-
fication is set through a manual operation. This process-
ing is processing performed upon operation of the cor-
rection magnification adjustment operation section 470
on the correction magnification setting support screen
400. This processing is performed when, at step S160 in
the optimum correction magnification calculation
processing illustrated in FIG. 11, a worker is not satisfied
with an automatically calculated correction magnifica-
tion, that is, when the worker changes the automatically
calculated correction magnification through the use of
the correction magnification adjustment operation sec-
tion 470.
[0138] Before the increase/decrease of the correction
magnification, as described above, only the pre-adjust-
ment machining size graph 413, shown in the solid line,

is displayed in the machining size graph display section
412 by the machining size graph display processing,
shown in FIG. 10. With respect to the tool wear correction-
free and thermal displacement correction-free calcula-
tion-based machining sizes X4, a graph is not displayed
but a calculation has already been made. The tool wear
correction-free calculation-based machining sizes X2 are
values resulting from adding the originally applied ther-
mal displacement correction amounts S1 to the tool wear
correction-free and thermal displacement correction-free
calculation-based machining sizes X4. Arithmetic
processing portions in the following individual steps are
executed by the CPU 100 using predetermined programs
stored in the system program memory 121.
[0139] At step S210, a worker operates the correction
magnification switch 472 to manually change the tempo-
ral correction magnification B’.
[0140] At step S220, the CPU 100 divides the originally
applied thermal displacement correction amounts S1 by
the originally applied correction magnification A$B. Then,
the CPU 100 multiplies these divided values by the tem-
poral correction magnification, and obtains environmen-
tal temperature system thermal displacement correction
amounts S2 to which the temporal correction magnifica-
tion has been applied.
[0141] At step S230, the CPU 100 adds the environ-
mental temperature system thermal displacement cor-
rection amounts S2, to which the temporal correction
magnification has been applied, to the tool wear correc-
tion-free and thermal displacement correction-free cal-
culation-based machining sizes X4, and obtains calcu-
lation-based machining sizes X3 to which the temporal
correction magnification has been applied.
[0142] At step S240, the calculation-based machining
sizes X3, to which the temporal correction magnification
has been applied, are displayed in the form of a graph
by the graph display program. This graph corresponds
to the post-adjustment machining size graph 414.
[0143] At step S250, the worker determines whether
or not the post-adjustment machining size graph 414 is
acceptable. In the case where the worker has determined
that the post-adjustment machining size graph 414 is not
acceptable (NG), the process flow is caused to return to
step S210, where the worker makes a readjustment of
the temporal correction magnification B’.
[0144] In the case where the worker has determined
that the post-adjustment machining size graph 414 is ac-
ceptable, the process flow is caused to proceed to step
S260, where the worker operates the correction magni-
fication determination switch 478. With this operation,
the temporal correction magnification B’ is set as a cor-
rection magnification B, and as a result, a subsequent
correction magnification B is determined.
[0145] Here, when the temporal correction magnifica-
tion is increased through the operation of the correction
magnification increase/decrease switch 472, since the
originally applied thermal correction amounts S1 are mul-
tiplied by the correction magnification, the display of the
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post-adjustment machining size graph 414, shown in the
dotted line, appears above the pre-adjustment machining
size graph 413, shown in the solid line. The worker is
able to adjust a correction magnification by operating the
correction magnification increase/decrease switch 472
to cause the post-adjustment machining size graph 414,
shown in the dotted line, to be shifted upward/downward,
and to determine a preferable correction magnification
in a way that allows the post-adjustment machining size
graph 414 to be located at a position closest to a target
size. Then, the worker operates the correction magnifi-
cation determination switch 478.
[0146] As described above, a worker is able to move
the post-machining size graph closer to a target size by
adjusting the correction magnification, and to adjust a
correction amount for the environmental temperature
system thermal displacement correction without feeling
uncomfortable. Accordingly, the conventional situation in
which, although a worker has felt that an accurate cor-
rection has not been made on the thermal displacement
correction, the worker has not been able to make a further
correction is eliminated.
[0147] Moreover, the purpose of the measurement of
machining sizes by a worker is to ensure the accuracy
within a specified tolerance. The use of size values meas-
ured by a worker into the calculation of the environmental
temperature system thermal displacement correction
amounts leads to the measurement of thermal displace-
ment amounts at a position where the highest accuracy
is needed, and thus, this configuration enables a highly
accurate environmental temperature system thermal dis-
placement correction to be made.
[0148] Furthermore, the measurement of a post-ma-
chining size is performed to ensure a machining accura-
cy, and such a measurement is just a regular work for
the worker. As a result, a highly accurate adjustment in
the environmental temperature system thermal displace-
ment correction is achieved without imposing a new bur-
den on the worker.
[0149] Further, the optimum correction magnification
calculation function is configured to automatically calcu-
late an optimum correction magnification that allows
post-adjustment machining sizes to be close to a target
value. Thus, the optimum correction magnification cal-
culation function allows even inexperienced workers to
adjust the environmental temperature system thermal
displacement correction amounts.

Practice Example 2

[0150] Practice example 2 in relation to the correction
magnification setting support function will be described
focusing on differences with first embodiment with refer-
ence to the drawings.
[0151] FIG. 13 illustrates a correction magnification
setting support screen 401 according to second embod-
iment. In second embodiment, sets of machining state
data 250 in relation to a plurality of machining portions

are recorded. For this reason, a correction magnification
effective range setting/display section 434 is added in a
machining state data extraction section 431. In this cor-
rection magnification effective range setting/display sec-
tion 434, an effective range of a correction magnification
B is set and displayed.
[0152] Further, the way of displaying the selection data
input guide section 433 is different from that of the cor-
rection magnification setting support screen 400 (FIG. 8)
in first embodiment.
[0153] With respect to the display of the selection data
input guide section 433, since sets of machining state
data 250 in relation to a plurality of machining portions
are recorded during the same machining operation, a
display operation in relation to the plurality of machining
portions is performed after a workpiece number WNO
and a correction axis CAx have been specified. For ex-
ample, in FIG. 13, a machining portion corresponding to
tool number 3 and a machining portion corresponding to
tool number 6 are displayed as two machining portions.
Further, although an example in which tool numbers are
different from each other is shown in FIG. 13, even when
displayed tool numbers are the same, in the case where
target machining sizes TSz each specified by B of
"M**A*B**"in a machining program are different from one
another, naturally, associated machining portions are dif-
ferent from one another, and thus, there occurs a case
in which the same tool number TNO is displayed for each
of the associated machining portions. For this reason, a
column corresponding to target sizes is added in the se-
lection data input guide section 433, and thus, even when
displayed tool numbers TNO are the same, a worker is
able to properly select his or her desired machining por-
tion.
[0154] When sets of machining state data 250 in rela-
tion to a plurality of machining portions corresponding to
the same workpiece number WNO and the same correc-
tion axis CAx have been recorded, even though a cor-
rection magnification B is set on the basis of a set of
machining state data 250 having been recorded in rela-
tion to one of the machining portions, the correction mag-
nification B is not necessarily an optimum correction
magnification for another one of the machining portions.
For example, with respect to an inner diameter machining
operation and an outer diameter machining operation, B-
axis positioning angles in the B-axis for the tool spindle
are different from each other, and thus, there occurs a
case in which the directions and the amounts of thermal
displacement amounts are different from each other. Ac-
cordingly, correction magnifications are allowed to be
changed for each of the machining portions to deal with
mutual differences among thermal displacement
amounts due to the attitude changes of members con-
stituting the machine tool.
[0155] The correction magnification effective range
setting/display section 434 is an operative means for
changing and displaying an effective range of each of a
plurality of correction magnifications having been set on
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the basis of the sets of machining state data 250 in rela-
tion to the plurality of machining portions.
[0156] When a correction magnification is set first, the
effective range is automatically set to "overall". With this
operation, the correction magnification having been set
above is applied to all machining operations. When a
correction magnification is set on the basis of a set of
machining state data 250 in relation to a second machin-
ing portion, the effective range is automatically set to "lim-
ited". With this operation, the correction magnification is
applied to only machining operations on the machining
portion. That is, the application of the correction magni-
fication is limited to only finishing machining operations
on the machining portion for which the set of machining
state data 250 has been recorded. Processes for a third
machining portion and subsequent machining portions
are similar to the process described above.
[0157] There occurs, however, a case in which a cor-
rection magnification desired to be applied to a limited
machining portion is automatically set to as to be applied
to overall machining portions due to the order of setting
operations. In such a case, an operation of pushing a
switch "limited" in a state in which an indication "overall"
is lighted enables switching to such a limited application.
With this operation, all correction magnifications are set
to "limited". In contrast, a machining portion having been
set to "limited" is changeable to "overall". With this
change operation, a machining portion having been set
to "limited" is changed into "overall", and the other ma-
chining portions having been set to "overall" are set to
"limited". Here, when "overall" and "limited" are set as
effective ranges, all machining portions other than a ma-
chining portion having been set to "limited" fall within an
effective range "overall".

Practice Example 3

[0158] Practice example 3 in relation to the correction
magnification setting support function will be described
focusing differences with embodiments 1 and 2 with ref-
erence to the drawings.
[0159] FIG. 14 illustrates a correction magnification
setting support screen 402 according to third embodi-
ment. In a graph display section 411 on the correction
magnification setting support screen 402, a correction
amount graph display section 416 is displayed in substi-
tution for the machining size graph display section 412.
The correction amount graph display portion 416 displays
a temporal transition of environmental temperature sys-
tem thermal displacement correction amounts in the form
of a graph.
[0160] Experienced workers are likely to have roughly
grasped a tendency of thermal displacement amounts
through operations for compensating a machining accu-
racy, such as measurements of machining sizes and op-
erations of inputting tool wear correction amounts. Such
a worker is able to determine whether or not a thermal
displacement correction amount is sufficient merely by a

graph display on how thermal displacement correction
amounts fluctuate along with an elapse of time. Thus,
the correction magnification setting support screen 402
is configured to allow a worker to operate a correction
magnification increase/decrease switch 472 and display
a post-adjustment correction amount graph 418 so as to
enable the worker to adjust a correction amount.
[0161] In order to realize this function, in the NC device,
an environmental temperature system thermal displace-
ment correction amount having been effective at each
constant time interval and a correction magnification are
stored together with a clock time into a memory as an
environmental temperature system thermal displace-
ment correction record data set. For this reason, another
environmental temperature system thermal displace-
ment correction record data memory is provided.
Through the use of a plurality of the stored data sets, a
pre-adjustment correction amount graph 417 displays, in
the form of a graph, recorded environmental temperature
system thermal displacement correction amounts as they
are, whereas a post-adjustment correction amount graph
418 displays, in the form of a graph, correction amounts
obtained by dividing each of the recorded environmental
temperature system thermal displacement correction
amounts by the recorded correction magnification, and
by multiplying each of resultant values by a temporal cor-
rection magnification B’. Accordingly, this correction
magnification setting support device requires no opera-
tion of manually inputting machining sizes, and thus re-
duces a burden imposed on a worker.

Other Embodiments

[0162] Embodiments according to the present inven-
tion are not limited to the aforementioned individual em-
bodiments. For example, modifications described below
may be made on the aforementioned embodiments.
[0163] In the aforementioned embodiments, a ma-
chine tool according to the present invention is embodied
as the machine tool in which five axes, that is, the sum
of three linear axes and two rotating axes, are controlled,
but the present invention is also applicable to a lathe
including two linear axes, and a vertical or horizontal ma-
chining center including three linear axes. Further, the
above description has been made using a cutting ma-
chining program, but the present invention is applicable
to a program for a machining operation using a rotating
tool.
[0164] In the aforementioned embodiments, the de-
scription has been made using the driving system thermal
displacement amount estimation unit and the environ-
mental temperature system thermal displacement
amount estimation unit, but the present invention is ap-
plicable to a configuration in which, in substitution for or
in addition to the driving system thermal displacement
amount, any heat generation member and/or any heat
discharge member are provided. In such a case, a ther-
mal displacement amount based on a specific heat gen-
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eration member and/or a specific heat discharge member
may be estimated to make an overall correction on a total
thermal displace amount including the environmental
temperature system thermal displacement amount.
[0165] Further, the machining state data may be stored
in an external storage medium. This configuration ena-
bles, for each of seasonal environmental variations, a
corresponding suitable correction magnification to be set
on the basis of a plurality of pieces of machining state
data during one year or past several years, and thus,
enables, for each of variations of the environmental tem-
perature system thermal displacement amount along
with the variations of the installation environment of the
machine tool, a corresponding appropriate measure to
be taken in advance.

[Description of the Reference Numerical]

[0166]

1 machine tool
10 bed
20 workpiece headstock
30 workpiece spindle
40 column
50 tool headstock
60 tool spindle
70 NC device
81 to 90 temperature sensor
100 CPU
125 machining state data memory
250 machining state data
400 to 402 correction magnification setting support

screen
412 machining size graph display section
413 pre-adjustment machining size graph
414 post-adjustment machining size graph
421 temperature graph display section
430 to 431 machining state data extraction section
470 to 471 correction magnification adjustment oper-

ation section

Claims

1. A machine tool (1) comprising:

a workpiece holding unit (20, 30) configured to
hold a workpiece;
a tool holding unit (60) configured to hold a tool;
wherein at least one of the workpiece holding
unit (20, 30) and the tool holding unit (60) are
configured to be drivingly rotated, and at least
one of the workpiece holding unit (20, 30) and
the tool holding unit (60) are configured to be
drivingly moved in a predetermined direction so
as to machine the workpiece with the tool, and
wherein the machine tool (1) comprises

a plurality of temperature sensors (81 to 90) at-
tached to members constituting the machine
tool (1);
an environmental temperature system thermal
displacement amount estimation unit (320) con-
figured to calculate an environmental tempera-
ture system thermal displacement amount (321,
322, 323) due to a heat source existing outside
the machine tool (1), based on temperature val-
ues each measured by a corresponding one of
the plurality of temperature sensors (81 to 90);
characterised by
a correction magnification processing unit con-
figured to calculate an environmental tempera-
ture system thermal displacement correction
amount (A$HCX, A$HCY, A$HCZ, 351, 361,
371) by multiplying a calculation-based thermal
displacement correction amount (327, 328, 329)
for compensating the environmental tempera-
ture system thermal displacement amount (321,
322, 323) by a correction magnification (B, Bx,
By, Bz);
a correction magnification adjustment operation
unit (470, 471) configured to adjust the correc-
tion magnification (B, Bx, By, Bz) when a worker
is operating a correction magnification in-
crease/decrease switch (472);
a driving system thermal displacement amount
estimation unit (310) configured to calculate a
driving system thermal displacement amount
(311, 312, 313) due to a heat source included
in the machine tool (1) itself, based on a rotation
driving state and a movement driving state of
each of the workpiece holding unit (20, 30) and
the tool holding unit (60); and
a thermal displacement correction amount ad-
dition unit (330) configured to calculate and out-
put a total thermal displacement correction
amount (331, 332, 333) by adding the environ-
mental temperature system thermal displace-
ment correction amount (A$HCX, A$HCY,
A$HCZ, 351, 361, 371) to a driving system ther-
mal displacement correction amount (317, 318,
319) for compensating the driving system ther-
mal displacement amount (311, 312, 313), and
wherein thermal displacement correction con-
trol is performed based on the total thermal dis-
placement correction amount (331, 332, 333).

2. The machine tool (1) according to claim 1,
wherein a record of an execution result of the envi-
ronmental temperature system thermal displace-
ment correction control is recorded as a set of envi-
ronmental temperature system thermal displace-
ment correction record data,
wherein the set of environmental temperature sys-
tem thermal displacement correction record data
comprises, at minimum, the environmental temper-
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ature system thermal displacement correction
amount (A$HCX, A$HCY, A$HCZ, 351, 361, 371),
the correction magnification (B, Bx, By, Bz), which
has been applied to the calculation of the environ-
mental temperature system thermal displacement
correction amount (A$HCX, A$HCY, A$HCZ, 351,
361, 371), and a clock time (TIME) at which the en-
vironmental temperature system thermal displace-
ment correction has been made,
wherein a temporal transition of environmental tem-
perature system thermal displacement corrections
is displayed in a form of a first graph, based on a
plurality of the sets of environmental temperature
system thermal displacement correction record data,
wherein the increase/decrease switch (472) config-
ured to temporarily change a recorded correction
magnification (B, Bx, By, Bz) is provided, the correc-
tion magnification (B, Bx, By, Bz) having been re-
corded in the set of environmental temperature sys-
tem thermal displacement correction record data,
wherein a temporal transition of environmental tem-
perature system thermal displacement corrections
is displayed in a form of a second graph superim-
posed on the first graph, the environmental temper-
ature system thermal displacement corrections hav-
ing been obtained by applying a temporal correction
magnification (B’) that has been changed by the in-
crease/decrease switch to the plurality of sets of en-
vironmental temperature system thermal displace-
ment correction record data, and
wherein a correction magnification determination
switch (478) configured to set the temporal correc-
tion magnification (B’) as the correction magnifica-
tion (B) is provided.

3. The machine tool (1) according to claim 2,
wherein the set of environmental temperature sys-
tem thermal displacement correction record data is
recorded at a constant time interval, and
wherein the temporal transition of the environmental
temperature system thermal displacement correc-
tions comprises a temporal transition of a plurality of
the environmental temperature system thermal dis-
placement correction amounts (A$HCX, A$HCY,
A$HCZ, 351, 361, 371).

4. The machine tool (1) according to claim 2,
wherein the set of environmental temperature sys-
tem thermal displacement correction record data fur-
ther comprises a correction axis (CAx), which means
a monitoring target axis, an achieved machining size
(MSz), and a tool wear correction amount (A$WV)
having been applied during a machining operation,
and
wherein the temporal transition of the environmental
temperature system thermal displacement correc-
tions comprises a temporal transition of machining
size calculation values in a case where any tool wear

correction is not made.

5. The machine tool (1) according to claim 4,
wherein the set of environmental temperature sys-
tem thermal displacement correction record data fur-
ther comprises a target machining size (TSz), and
wherein the machine tool (1) comprises an optimum
correction magnification calculation unit configured
to calculate a correction magnification (B, Bx, By,
Bz) that allows a machining size calculation value
without any tool wear correction to be approximately
equal to the target machining size (TSz), and to set
the calculated correction magnification as the tem-
poral correction magnification (B’).

6. The machine tool (1) according to claim 4,
wherein the set of environmental temperature sys-
tem thermal displacement correction record data
comprises a plurality of sets of environmental tem-
perature system thermal displacement correction
record data, and each of the plurality of sets of en-
vironmental temperature system thermal displace-
ment correction record data is associated with a cor-
responding one of a plurality of machining portions
of one machining workpiece, and
wherein a specific correction magnification is ob-
tained based on one of the sets of environmental
temperature system thermal displacement correc-
tion record data that is associated with a specific
machining portion among the plurality of machining
portions, and either one of a limited setting and an
overall setting is set, the limited setting being a set-
ting that allows the specific correction magnification
to be effective when a machining operation is per-
formed on the specific machining portion, the overall
setting being a setting that allows the specific cor-
rection magnification to be effective when machining
operations are performed on overall portions consti-
tuting the workpiece and comprising the specific ma-
chining portion.

7. The machine tool (1) according to claim 4 further
comprising a measurement device configured to au-
tomatically perform measurement and writing of the
achieved machining size (MSz).

8. The machine tool (1) according to claim 4, wherein
a size of the workpiece measured by a worker after
a machining operation is input as the achieved ma-
chining size (MSz).

9. The machine tool (1) according to claim 4, wherein
the set of environmental temperature system ther-
mal displacement correction record data is recorded
in response to a data record command executed dur-
ing a machining operation.

10. The machine tool (1) according to claim 3 or claim 4,

37 38 



EP 3 168 001 B1

21

5

10

15

20

25

30

35

40

45

50

55

wherein the set of environmental temperature sys-
tem thermal displacement correction record data fur-
ther comprises a plurality of kinds of temperature
values each having been measured by a corre-
sponding one of the plurality of temperature sensors,
and
wherein transitions of all of sets of temperature val-
ues, each of the sets being associated with a corre-
sponding one of the plurality of kinds of temperature
values, are each displayed in a form of a graph on
a same time axis as a time axis of the first graph,
which represents the temporal transition of the en-
vironmental temperature system thermal displace-
ment corrections.

Patentansprüche

1. Werkzeugmaschine (1), die Folgendes aufweist:

eine Werkstückhalteeinheit (20, 30), die gestal-
tet ist, um ein Werkstück zu halten;
eine Werkzeughalteeinheit (60), die gestaltet ist,
um ein Werkzeug zu halten;
wobei mindestens eine von der Werkstückhal-
teeinheit (20, 30) und der Werkzeughalteeinheit
(60) so gestaltet ist, dass sie antreibend gedreht
wird, und mindestens eine von der Werkstück-
halteeinheit (20, 30) und der Werkzeughalteein-
heit (60) so gestaltet ist, dass sie antreibend in
eine vorbestimmte Richtung bewegt wird, um
das Werkstück mit dem Werkzeug zu bearbei-
ten, und
wobei die Werkzeugmaschine (1) Folgendes
aufweist
eine Vielzahl von Temperatursensoren (81 bis
90), die an Bauteilen befestigt sind, die die
Werkzeugmaschine (1) bilden;
eine Schätzseinheit (320) für den Wärmever-
schiebungsbetrag des Umgebungstemperatur-
systems, die gestaltet ist, um einen Wärmever-
schiebungsbetrag (321, 322, 323) des Umge-
bungstemperatursystems aufgrund einer au-
ßerhalb der Werkzeugmaschine (1) vorhande-
nen Wärmequelle zu berechnen, basierend auf
Temperaturwerten, die jeweils von einem ent-
sprechenden der Vielzahl von Temperatursen-
soren (81 bis 90) gemessen werden;
gekennzeichnet durch
eine Korrekturvergrößerungs-Verarbeitungs-
einheit, die gestaltet ist, um einen Wärmever-
schiebungskorrekturbetrag (A$HCX, A$HCY,
A$HCZ, 351, 361, 371) eines Umgebungstem-
peratursystems zu berechnen, indem sie einen
berechnungsbasierten Wärmeverschiebungs-
korrekturbetrag (327, 328, 329) multipliziert, um
den Wärmeverschiebungsbetrag (321, 322,
323) des Umgebungstemperatursystems durch

eine Korrekturvergrößerung (B, Bx, By, Bz) zu
kompensieren;
eine Korrekturvergrößerungseinstellungsbe-
triebseinheit (470, 471), die gestaltet ist, um die
Korrekturvergrößerung (B, Bx, By, Bz) einzu-
stellen, wenn ein Arbeiter einen Schalter (472)
zum Erhöhen und Verringern der Korrekturver-
größerung betätigt;
eine Schätzeinheit (310) für den Wärmever-
schiebungsbetrag des Antriebssystems, die ge-
staltet ist, um einen Wärmeverschiebungsbe-
trag (311, 312, 313) des Antriebssystems auf-
grund einer Wärmequelle zu berechnen, die in
der Werkzeugmaschine (1) selbst enthalten ist,
basierend auf einem Rotationsfahrzustand und
einem Bewegungsfahrzustand von jeder von
der Werkstückhalteeinheit (20, 30) und der
Werkzeughalteeinheit (60); und
eine Wärmeverschiebungskorrekturbetragsad-
ditionseinheit (330), die gestaltet ist, um einen
gesamten Wärmeverschiebungskorrekturbe-
trag (331, 332, 333) zu berechnen und auszu-
geben, indem sie den Betrag der Wärmever-
schiebungskorrektur des Umgebungstempera-
tursystems (A$HCX, A$HCY, A$HCZ, 351, 361,
371) zu einem Betrag (317, 318, 319) der Wär-
meverschiebungskorrektur des Antriebssys-
tems addiert, um den Betrag der Wärmever-
schiebung des Antriebssystems (311, 312, 313)
zu kompensieren, und
wobei die Steuerung der Wärmeverschiebungs-
korrektur basierend auf dem gesamten Wärme-
verschiebungskorrekturbetrag (331, 332, 333)
durchgeführt wird.

2. Die Werkzeugmaschine (1) nach Anspruch 1,
wobei eine Aufzeichnung eines Ausführungsergeb-
nisses der Steuerung der Wärmeverschiebungskor-
rektur des Umgebungstemperatursystems als ein
Satz von Aufzeichnungsdaten der Wärmeverschie-
bungskorrektur des Umgebungstemperatursystems
aufgezeichnet wird,
wobei der Satz von Aufzeichnungsdaten der Wär-
meverschiebungskorrektur des Umgebungstempe-
ratursystems mindestens den Wärmeverschie-
bungskorrektur (A$HCX, A$HCY, A$HCZ, 351, 361,
371) des Umgebungstemperatursystems und die
Korrekturvergrößerung (B, Bx, By, Bz) umfasst, die
auf die Berechnung des Wärmeverschiebungskor-
rekturbetrags (A$HCX, A$HCY, A$HCZ, 351, 361,
371) des Umgebungstemperatursystems und einer
Uhrzeit (TIME) angewendet wurde, zu der die Wär-
meverschiebung des Umgebungstemperatursys-
tems vorgenommen wurde,
wobei ein zeitlicher Übergang von Wärmeverschie-
bungskorrekturen des Umgebungstemperatursys-
tems in Form eines ersten Graphen angezeigt wird,
basierend auf einer Vielzahl von Datensätzen der
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Aufzeichnungen der Wärmeverschiebungskorrektur
des Umgebungstemperatursystems,
wobei der Schalter (472) zum Erhöhen und Verrin-
gern der Korrekturvergrößerung, der gestaltet ist,
um eine aufgezeichnete Korrekturvergrößerung (B,
Bx, By, Bz) vorübergehend zu ändern, vorgesehen
ist, wobei die Korrekturvergrößerung (B, Bx, By, Bz)
in dem Satz von Aufzeichnungsdaten des Umge-
bungstemperatursystems für die Wärmeverschie-
bung aufgezeichnet wurde,
wobei ein zeitlicher Übergang von Wärmeverschie-
bungskorrekturen des Umgebungstemperatursys-
tems in Form eines zweiten Graphen, der dem ersten
Graphen überlagert ist, angezeigt wird, wobei die
Wärmeverschiebungskorrekturen des Umgebungs-
temperatursystems durch Anwenden einer zeitliche
Korrekturvergrößerung (B’), die durch den Schalter
(472) zum Erhöhen und Verringern geändert wurde,
auf die Vielzahl von Sätzen von Aufzeichnungsdaten
der Wärmeverschiebungskorrektur des Umge-
bungstemperatursystems erhalten wurden, und
wobei ein Schalter (478) zum Bestimmen der Kor-
rekturvergrößerung gestaltet ist, um die zeitliche
Korrekturvergrößerung (B’) einzustellen, wenn die
Korrekturvergrößerung (B) vorgesehen ist.

3. Die Werkzeugmaschine (1) nach Anspruch 2,
wobei der Satz von Aufzeichnungsdaten der Wär-
meverschiebungskorrektur des Umgebungstempe-
ratursystems in einem konstanten Zeitintervall auf-
gezeichnet wird, und
wobei der zeitliche Übergang der Wärmeverschie-
bungskorrekturen des Umgebungstemperatursys-
tems einen zeitlichen Übergang einer Vielzahl von
Wärmeverschiebungskorrekturbeträgen (A$HCX,
A$HCY, A$HCZ, 351, 361, 371) des Umgebungs-
temperatursystems umfasst.

4. Die Werkzeugmaschine (1) nach Anspruch 2,
wobei der Satz von Aufzeichnungsdaten der Wär-
meverschiebungskorrektur des Umgebungstempe-
ratursystems ferner eine Korrekturachse (CAx), die
eine Überwachungszielachse bedeutet, eine er-
reichte Bearbeitungsgröße (MSz) und einen Werk-
zeugverschleißkorrekturbetrag (A$WV) umfasst,
der während eines Bearbeitungsvorgangs ange-
wendet wurde, und
wobei der zeitliche Übergang der Wärmeverschie-
bungskorrekturen des Umgebungstemperatursys-
tems einen zeitlichen Übergang der Bearbeitungs-
größenberechnungswerte in einem Fall umfasst, in
dem keine Werkzeugverschleißkorrektur vorgenom-
men wird.

5. Die Werkzeugmaschine (1) nach Anspruch 4,
wobei der Satz von Aufzeichnungsdaten der Wär-
meverschiebungskorrektur des Umgebungstempe-
ratursystems ferner eine Zielbearbeitungsgröße

(TSz) umfasst, und
wobei die Werkzeugmaschine (1) eine optimale
Korrekturvergrößerungsberechnungseinheit um-
fasst, die gestaltet ist, um eine Korrekturvergröße-
rung (B, Bx, By, Bz) zu berechnen, die es ermöglicht,
dass ein Bearbeitungsgrößenberechnungswert oh-
ne Werkzeugverschleißkorrektur ungefähr gleich
der Sollbearbeitungsgröße (TSz) ist, und um die be-
rechnete Korrekturvergrößerung als die zeitliche
Korrekturvergrößerung (B’) einzustellen.

6. Die Werkzeugmaschine (1) nach Anspruch 4,
wobei der Satz von Aufzeichnungsdaten der Wär-
meverschiebungskorrektur des Umgebungstempe-
ratursystems eine Vielzahl von Sätzen von Aufzeich-
nungsdaten über die Wärmeverschiebungskorrek-
tur des Umgebungstemperatursystems umfasst,
und jeder der Vielzahl von Sätzen von Aufzeich-
nungsdaten der Wärmeverschiebungskorrektur des
Umgebungstemperatursystems einem entspre-
chenden aus einer Vielzahl von Bearbeitungsab-
schnitten eines Bearbeitungswerkstücks zugeord-
net ist, und
wobei eine spezifische Korrekturvergrößerung ba-
sierend auf einem der Sätze von Aufzeichnungsda-
ten der Wärmeverschiebungskorrektur des Umge-
bungstemperatursystems erhalten wird, die einem
bestimmten Bearbeitungsabschnitt aus der Vielzahl
von Bearbeitungsabschnitten zugeordnet sind, und
eine von einer begrenzten Einstellung oder einer Ge-
samteinstellung eingestellt wird, wobei die begrenz-
te Einstellung eine Einstellung ist, die es ermöglicht,
dass die spezifische Korrekturvergrößerung wirk-
sam wird, wenn ein Bearbeitungsvorgang an dem
bestimmten Bearbeitungsabschnitt durchgeführt
wird, wobei die Gesamteinstellung eine Einstellung
ist, die es ermöglicht, dass die spezifische Korrek-
turvergrößerung wirksam wird, wenn Bearbeitungs-
vorgänge an Gesamtabschnitten durchgeführt wer-
den, die das Werkstück bilden und den spezifischen
Bearbeitungsabschnitt umfasst.

7. Werkzeugmaschine (1) nach Anspruch 4, ferner um-
fassend eine Messvorrichtung, die gestaltet ist, um
automatisch das Messen und Schreiben der erreich-
ten Bearbeitungsgröße (MSz) durchzuführen.

8. Werkzeugmaschine (1) nach Anspruch 4, wobei ei-
ne von einem Arbeiter nach einem Bearbeitungsvor-
gang gemessene Größe des Werkstücks als erreich-
te Bearbeitungsgröße (MSz) eingegeben wird.

9. Werkzeugmaschine (1) nach Anspruch 4, wobei der
Satz von Aufzeichnungsdaten des Umgebungstem-
peratursystems zur Korrektur der Wärmeverschie-
bung als Antwort auf einen Datenaufzeichnungsbe-
fehl aufgezeichnet wird, der während eines Bearbei-
tungsvorgangs ausgeführt wird.
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10. Die Werkzeugmaschine (1) nach Anspruch 3 oder
Anspruch 4,
wobei der Satz von Aufzeichnungen über die Wär-
meverschiebungskorrektur des Umgebungstempe-
ratursystems ferner eine Vielzahl von Arten von
Temperaturwerten umfasst, die jeweils von einem
entsprechenden der Vielzahl von Temperatursenso-
ren gemessen wurden, und
wobei Übergänge aller Temperaturwertsätze, wobei
jeder der Sätze einem entsprechenden der Vielzahl
von Temperaturwertarten zugeordnet ist, jeweils in
Form eines Graphen auf einer gleichen Zeitachse
wie eine Zeitachse des ersten Graphen dargestellt
werden, der den zeitlichen Übergang der Wärme-
verschiebungskorrekturen des Umgebungstempe-
ratursystems darstellt.

Revendications

1. Machine-outil (1) comprenant :

une unité de maintien de pièce à travailler (20,
30) configurée pour maintenir une pièce à
travailler ;
une unité de maintien d’outil (60) configurée
pour maintenir un outil ;
dans laquelle au moins une de l’unité de main-
tien de pièce à travailler (20, 30) et de l’unité de
maintien d’outil (60) sont configurées pour être
entraînées en rotation, et au moins une de l’unité
de maintien de pièce à travailler (20, 30) et de
l’unité de maintien d’outil (60) sont configurées
pour être entraînées en déplacement dans une
direction prédéterminée de sorte à usiner la piè-
ce à travailler avec l’outil, et
dans laquelle la machine-outil (1) comprend
une pluralité de capteurs de température (81 à
90) fixés à des éléments constituant la machine-
outil (1) ;
une unité d’estimation d’ampleur de déplace-
ment thermique de système de température en-
vironnementale (320) configurée pour calculer
une ampleur de déplacement thermique de sys-
tème de température environnementale (321,
322, 323) due à une source de chaleur existant
à l’extérieur de la machine-outil (1), sur la base
de valeurs de température chacune mesurées
par l’un correspondant de la pluralité de cap-
teurs de température (81 à 90) ; caractérisée
par
une unité de traitement d’agrandissement de
correction configurée pour calculer une ampleur
de correction de déplacement thermique de sys-
tème de température environnementale
(A$HCX, A$HCY, A$HCZ, 351, 361, 371) en
multipliant une ampleur de correction de dépla-
cement thermique basée sur un calcul (327,

328, 329) pour compenser l’ampleur de dépla-
cement thermique de système de température
environnementale (321, 322, 323) par un agran-
dissement de correction (B, Bx, By, Bz) ;
une unité d’exécution d’ajustement d’agrandis-
sement de correction (470, 471) configurée pour
ajuster l’agrandissement de correction (B, Bx,
By, Bz) lorsqu’un ouvrier actionne un interrup-
teur d’augmentation/de diminution d’agrandis-
sement de correction (472) ;
une unité d’estimation d’ampleur de déplace-
ment thermique de système d’entraînement
(310) configurée pour calculer une ampleur de
déplacement thermique de système d’entraîne-
ment (311, 312, 313) due à une source de cha-
leur incluse dans la machine-outil (1) elle-mê-
me, sur la base d’un état d’entraînement en ro-
tation et d’un état d’entraînement en mouve-
ment de chacune de l’unité de maintien de pièce
à travailler (20, 30) et de l’unité de maintien
d’outil (60) ; et
une unité d’ajout d’ampleur de correction de dé-
placement thermique (330) configurée pour cal-
culer et délivrer en sortie une ampleur de cor-
rection totale de déplacement thermique (331,
332, 333) en ajoutant l’ampleur de correction de
déplacement thermique de système de tempé-
rature environnementale (A$HCX, A$HCY,
A$HCZ, 351, 361, 371) à une ampleur de cor-
rection de déplacement thermique de système
d’entraînement (317, 318, 319) pour compenser
l’ampleur de déplacement thermique de systè-
me d’entraînement (311, 312, 313), et
dans laquelle une commande de correction de
déplacement thermique est exécutée sur la ba-
se de l’ampleur de correction totale de déplace-
ment thermique (331, 332, 333).

2. Machine-outil (1) selon la revendication 1,
dans laquelle un enregistrement d’un résultat d’exé-
cution de la commande de correction de déplace-
ment thermique de système de température envi-
ronnementale est enregistré en tant qu’un ensemble
de données d’enregistrement de correction de dé-
placement thermique de système de température
environnementale,
dans laquelle l’ensemble de données d’enregistre-
ment de correction de déplacement thermique de
système de température environnementale com-
prend, au minimum, l’ampleur de correction de dé-
placement thermique de système de température
environnementale (A$HCX, A$HCY, A$HCZ, 351,
361, 371), l’agrandissement de correction (B, Bx, By,
Bz), qui a été appliqué au calcul de l’ampleur de cor-
rection de déplacement thermique de système de
température environnementale (A$HCX, A$HCY,
A$HCZ, 351, 361, 371), et un temps d’horloge
(TEMPS) auquel la correction de déplacement ther-
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mique de système de température environnementa-
le a été faite,
dans laquelle une transition temporelle de correc-
tions de déplacement thermique de système de tem-
pérature environnementale s’affiche sous la forme
d’un premier graphe, sur la base d’une pluralité des
ensembles de données d’enregistrement de correc-
tion de déplacement thermique de système de tem-
pérature environnementale, dans laquelle l’interrup-
teur d’augmentation/de diminution (472) configuré
pour modifier momentanément un agrandissement
de correction enregistré (B, Bx, By, Bz) est fourni,
l’agrandissement de correction (B, Bx, By, Bz) ayant
été enregistré dans l’ensemble de données d’enre-
gistrement de correction de déplacement thermique
de système de température environnementale,
dans laquelle une transition temporelle de correc-
tions de déplacement thermique de système de tem-
pérature environnementale est affichée sous la for-
me d’un second graphe superposé sur le premier
graphe, les corrections de déplacement thermique
de système de température environnementale ayant
été obtenues en appliquant un agrandissement de
correction temporelle (B’) qui a été modifié par l’in-
terrupteur d’augmentation/de diminution à la plura-
lité d’ensembles de données d’enregistrement de
correction de déplacement thermique de système
de température environnementale, et
dans laquelle un interrupteur de détermination
d’agrandissement de correction (478) configuré pour
définir l’agrandissement de correction temporelle
(B’) en tant que l’agrandissement de correction (B)
est fourni.

3. Machine-outil (1) selon la revendication 2,
dans laquelle l’ensemble de données d’enregistre-
ment de correction de déplacement thermique de
système de température environnementale est en-
registré à un intervalle de temps constant, et
dans laquelle la transition temporelle des corrections
de déplacement thermique de système de tempéra-
ture environnementale comprend une transition tem-
porelle d’une pluralité des ampleurs de correction de
déplacement thermique de système de température
environnementale (A$HCX, A$HCY, A$HCZ, 351,
361, 371).

4. Machine-outil (1) selon la revendication 2,
dans laquelle l’ensemble de données d’enregistre-
ment de correction de déplacement thermique de
système de température environnementale com-
prend en outre un axe de correction (CAx), qui dé-
signe un axe de surveillance cible, une taille d’usi-
nage atteinte (MSz), et une ampleur de correction
d’usure d’outil (A$WV) ayant été appliquée durant
une opération d’usinage, et
dans laquelle la transition temporelle des corrections
de déplacement thermique de système de tempéra-

ture environnementale comprend une transition tem-
porelle de valeurs de calcul de taille d’usinage dans
un cas où aucune correction d’usure d’outil n’est fai-
te.

5. Machine-outil (1) selon la revendication 4,
dans laquelle l’ensemble de données d’enregistre-
ment de correction de déplacement thermique de
système de température environnementale com-
prend en outre une taille d’usinage cible (TSz), et
dans laquelle la machine-outil (1) comprend une uni-
té de calcul d’agrandissement de correction optimal
configurée pour calculer un agrandissement de cor-
rection (B, Bx, By, Bz) qui permet à une valeur de
calcul de taille d’usinage sans aucune correction
d’usure d’outil d’être approximativement égale à la
taille d’usinage cible (TSz), et de définir l’agrandis-
sement de correction calculé en tant que l’agrandis-
sement de correction temporelle (B’).

6. Machine-outil (1) selon la revendication 4,
dans laquelle l’ensemble de données d’enregistre-
ment de correction de déplacement thermique de
système de température environnementale com-
prend une pluralité d’ensembles de données d’en-
registrement de correction de déplacement thermi-
que de système de température environnementale,
et chacun de la pluralité d’ensembles de données
d’enregistrement de correction de déplacement ther-
mique de système de température environnementa-
le est associé à l’une correspondante d’une pluralité
de portions d’usinage d’une pièce à travailler d’usi-
nage, et
dans laquelle un agrandissement de correction spé-
cifique est obtenu sur la base de l’un des ensembles
de données d’enregistrement de correction de dé-
placement thermique de système de température
environnementale qui est associé à une portion
d’usinage spécifique de la pluralité de portions d’usi-
nage, et l’une parmi une définition limitée et une dé-
finition globale est définie, la définition limitée étant
une définition qui permet à l’agrandissement de cor-
rection spécifique d’être effectif lorsqu’une opération
d’usinage est exécutée sur la portion d’usinage spé-
cifique, la définition globale étant une définition qui
permet à l’agrandissement de correction spécifique
d’être effectif lorsque des opérations d’usinage sont
exécutées sur des portions globales constituant la
pièce à travailler et comprenant la portion d’usinage
spécifique.

7. Machine-outil (1) selon la revendication 4, compre-
nant en outre un dispositif de mesurage configuré
pour exécuter automatiquement un mesurage et
écrire la taille d’usinage atteinte (MSz).

8. Machine-outil (1) selon la revendication 4, dans la-
quelle une taille de la pièce à travailler mesurée par
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un ouvrier après une opération d’usinage est entrée
en tant que la taille d’usinage atteinte (MSz).

9. Machine-outil (1) selon la revendication 4, dans la-
quelle l’ensemble de données d’enregistrement de
correction de déplacement thermique de système
de température environnementale est enregistré en
réponse à une instruction d’enregistrement de don-
nées exécutée durant une opération d’usinage.

10. Machine-outil (1) selon la revendication 3 ou la re-
vendication 4,
dans laquelle l’ensemble de données d’enregistre-
ment de correction de déplacement thermique de
système de température environnementale com-
prend en outre une pluralité de types de valeurs de
température chacune ayant été mesurée par l’un
correspondant de la pluralité de capteurs de tempé-
rature, et
dans laquelle des transitions de tous les ensembles
de valeurs de température, chacun des ensembles
étant associé à l’une correspondante de la pluralité
de types de valeurs de température, sont chacune
affichées sous une forme d’un graphique sur un mê-
me axe des temps qu’un axe des temps du premier
graphe, qui représente la transition temporelle des
corrections de déplacement thermique de système
de température environnementale.
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